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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 



Q. 



Bundesdruckerel Berlin 



EP 0 335 669 A2 



Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 



35 



40 



45 



50 



55 



60 



65 



9 



EP 0 335 669 A2 



CO | 



o 
o 



o o 
o o 

CO CO 



o 
o 



o 



o 
o 

o 

CV1 



o o 
o o 

cvi co 



o 
o 

in 



o 
o 

cvi 



COI 



o 
o 

a 



o o 
o o 

cvi iri 



o 
o 

ID 



to I 



o 

CM 



o in 
o cvj 

cvi cvi 



in o 

cvj m 

* <• 

T— O 



LO 



CVI 



LU 
_I 
CL 



LU 



^■1 



o 
o 

o 

CM 



O O 
O O 

cvi d 



o 
o 



m 

s 



LO 



LU 
—I 
CD 

2 



co | 



o 
o 

• 

o 

CVI 



o o 
o in 

cvi ^ 



o 
o 

iri 



m 
cvi 



evil 



o 
o 

■ 

o 
cvi 



o o 
o o 

cvi o 



8 



m 
o 



m 



o 
o 



o o 
o in 

cvi 



o 
o 

iri 



o 
m 

cvi 



m 
o 



co 
O 

i 

O 
O 



i 

LU 
CC 
Q. 



cc 

LU 



o 

CL 



<8 

E CL 

o cc 

CL X 



LU 
CD 

< 



LU 3 

< a 
< 5 < 



LU 

to 



CD 

g 

CD 



CD 

t 

LU 



LU 
CD 
< 



CO CVI CO CVI 

CO CO co o> 
■ I I I. 



o 

'c 
o 



o 

"c 
o 



CL CL 



o 

*c 
o 

CL 



_ LO O 

O CO C CD CO 

„ , . , •*-» CO 

o 



I 

LU 
Q 



o-g 



O ^ CO 



CD 


CO 
|_ 






z 


< 


LU 


o 


CD 


Li. 


< 



3 *0 S 
CD 



CD 

— "5 

03 CO ^ ctf C 

O t- O co S 

Q O Q O O 

LL Z IL Z (0 



2 
o 
< 

cc 



10 



EP 0 33S669 A2 



ool 



i- CD 

• m 



CD 



cvi 



o> p 

LO CO 



o 

CO 



CO I 



cvi Ti- 
ed CO 



O 

cd 



O 
CD 



O 
CD 



LOI 



CO o 
id co" 



o 
o 

CM 



CO 

» ■ 

CO ^ 



o 
en 



CO 
CO 



CD 



o 
o 

CM 



^ cm 



o o 

• ■ 

CD i- 



UJ 
—J 
CQ 

I* 



■^j- co 

CD CO 



o 
o 

CM 



O 



CO 



o 

CM 
CM 



CO CO 

ID cvi 



CM 
CD 



lO 

CO 



COI 



i- CO 

CD cvi 



O 
CM 



CO 
CO 



CO 
CO 



o 

CO 
CM 



t— CO 
id CM 



o 
cm 

CM 



o 

CM 



CM I 



CO Oi O CD <tf CO CD 
lO CM CD CO i- CD CO 



CO 
CO 



CD Tj- 
^ CM 



CM 
CO 



O 
CO 



^ CO 
LO CO 



O CD CO 

• ■ ■ 

CM CO f- 
CM 



lO 

CM 
CM 



CM 

O CD 

■ ■ 



CM 
CM 



CM CO 

id cvi 



CM O 

■ • 

t- CO 

CM 



LU 

_l 

LU 



Q 
LU 

LU 
CC 



o 



]□ 

CD 

X 



o 

CO 

a 
co 



£ £ £ UJ 
^ I- ^ c> 



coc^cLUiHco^Sco^ 

CO "S D)"m 0 CO p O .^P O 



CD 

X 



O 
c 



as 

■4— » 

o 

CO 
v- 

LU 



CO 
1— 

CD 



O 
o 



2 

T O 
c J- — . 



co 
CO 



.2> co 
CO 



O CO I— O CO 



CO 

o 

CO — 

i= .go 
UJ £ 



CD '-t' 

CO CD CO o Jr 

z x z: CO £. 

_ co CC 

io r lo m -h W I- 

O D)p o ^ CD < 

o i— o ^ S < oc 



11 



EP 0 335 669 A2 



As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 



12 



EP 0 335 669 A2 



00 



o 
o 

8 



o o 
o uo 

cvi ^ 



o 
in 



o 

LO 

cvi 



o 
d 



o 
o 

• 

o 

CM 



O O 

o m 
cvi 



o o 
o o 

* ■ 



in 
cvi 



in 
o 



CO 



o 

o 

8 



o o 
o m 

cvi ^ 



o o 
m m 

cvi cvi 



o 
m 

cvi 



in 
o 

d 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi ^ 



o 
o 

LO 



o 

in 

cvi 



LO 

o 

* 

o 



CL 



■ 

o 
cvj 



o o 

O LO 

cvi ^ 



o 

LO 



o 
m 

cvi 



m 
o 

o 



LU 



CO 



O 
O 

s 



o o 
o m 

cvi ^ 



o 
o 

LO 



g 

CM 



in 
o 

o 



UJ 
_J 
CQ 



21 



o 
o 

a* 



o o 
o m 

cvi «<t 



o 
in 

cvi 



o 
m 

cvi 



o 
m 

cvi 



in 
o 



si 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi <<t 



o o 
o o 

■ ■ 

1- 



o 
in 

cvi 



m 
o 



o 
o 

* 

o 

CM 



O O 

o m 
cvi 



o 
o 

LO 



Q 
m 

cvi 



m 
o 



0>| 



o 
o 

• 

o 

CM 



o o 
o in 

cvi ^ 



o 
o 

LO 



o 
m 

cvi 



8 



O 
< 
LU 

CC 



o 

bz 

CO 

O 

CL 

O 
O 



! 

LU 

CC 
CL 



CC 


i_ 

CD 








z 




LYME 


olynr 


i 

o 

CC 


o 




CC ^ 
LU 5 


FEM 


Q. 




_J 


Lu 


< 5 < 


CO 


O 


CD 


> 


X 




>- 


CL 


£< 


X 


CL 


< 


CO 



*1 

^4 (J) 

cm" c 

- oS 



o 

>, CD 



Q> 

E 



O Q) 

• O r" 

Co 10 CD 

■C CD — -^r _ 

Q> Q. C O ^ O — 



£ 0.0)0.0.0)0.0)0) CO 



CD == 



1- 


o 


CC 


z 


c 

O -~ 


LU 


LU 


i_ CO 


X 


AG 


3 CD 
CL UL 


OT 



0 

CD e 

q o o 

IL Z CO 



13 



EP 0 335 669 A2 



CD CO 

co cvi 



o 

OJ 



CM 



tJ- CO 



CM 

c\i 

CM 



CO T"" 



CO 
CD 



lO 



CO CO 
CO CO 



o 
in 



p o> 

CO t- 



o 



8 



CO CO 

■ ■ 



CD CM 
CO CM 



CM 

a 



in 

CM 



!^ CO 



o 

CD 



CD <<fr 
CM CM* 



m 

CD 



8 



in co 



in 

N- 



• ■ 
CO T" 



I s - 



o 

CM 



CD CD 

iri CM 



O 

■ 

1^ 



o 

CM 



Ti- co 

"fr CM 



CM 

CM 
CM 



* • 

CO i- 



co 

CD 



m 

* 



CD CO 

in co 



o 

CD 



tj- in 

* V 

CO T- 



o 

CO 



m 

ft 



CO 
CM 



O 

CO 
CM 



^ CO 

• • 

CO t- 



CM 
CM 



in 
iri 



CD 
X 

»- >> 

> h- ^ 



CD 



a> 

4-* 03 
£ CO 



CD 

c 



2 

CD 

X 

J5r* co 



LU 

a. < 



+-» cfl Ql CC 
P -c o 



CD Is »- O 
~ w - C « <D ?A Z 

iu"2(OhCOc>iu5<h 



14 



EP 0 335 669 A2 

The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 



18 



EP 0 335 669 A2 



o 
o 



o 
o 

cvi 



o o 
o o 

cvi d 



o 
o 



o 
in 

cvi 



LO 

o 



CVJ! 

col 



o 
o 

d 

CM 



O O 

O O 

* ■ 

CVJ y- 



O 

m 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 

m 

o 



CO 



8 



o 
o 



o 
o 

LO 



LO 

o 



o 

CO 



o 

CM 



o 
o 

cvi 



o 
o 



o 
o 

LO 



LO O 

o i- 



> 

LU 

_J 

CO. 

2 



CM 



8 



o 
o 

cvi 



o 

LO 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 



CO 
CM 



o 
o 

• 

o 

CM 



o 
o 

CM 



o 

LO 



o 
o 

LO 



o 

LO 

CM 



LO 

o 
d 



cmI 



CO 

o 

Q_ 



DC 
LU 



o 

LU 

cc 



?3 

CD X 

E Q- 

>> o 

O DC 

CL Q 

£ > 

CL X 



LU 

o 
< 



CO 

c 

<D 
CD 
CD 

co 



0 
C 

E h- 

co 2 

o cc 5 

^— •*= I— =^ 

O ' 0) s H 



QOUJO< CL Q ClS^< 



LU 
05 



LU 
< 

o 

cB t 



00 CM 

CO CO 

Li- 

O O 

• MOT »OTM 

c c 

o o 

CL CL 



CO 



OC 
LU 



"Si 
DC ^ 



CO 

o 



CD 
3 

CD c _ 

o B o o 

Q O Q o O -j= 

IL(/) LLTf t-Q 



CD 
C 

CO 
X 

o 



O 
O 



O 
< 

LU 
CC 



= > 



19 



EP 0 335 669 A2 



cvi 



■ 



col 



CO 00 O CD CO O O 

in cvi cvi 



CO^CM 



CO 



co m 

CO <<* 



m 
cd 



81 



LU 
-I 
CD 
< 



cvj 

■ ■ 

o 



o 
cvi 



CD I 

cvi! 



"<fr O N- 

CD CO O 
CVI 



CO I 

evil 



cvj cq 

cd co o 
cvi 



o 
cvi 



LU 
_] 
Q_ 

< 

X 
LU 



Q 

Z> 
O 



Q 
LU 



LU 
CC 



0$ 

V- 

& *c5 

1 « 

CD >< 
■S -C UJ 

> H c> 



© 

C 

CO 



cd 

CD 
-»— » 

CO 



LU 



CD 

c 

"ctf 
CO 



2 



CO 



o 



O 

CC 

* 8 
JC LU CO 

O) o CQ 

h <; 



20 



EP 0 335 669 A2 



The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 



3 



EP 0 335 669 A2 



the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 



12 



EP 0 335 669 A2 



00 



o 
o 

8 



o o 
o uo 

cvi ^ 



o 
in 



o 

LO 

cvi 



o 
d 



o 
o 

• 

o 

CM 



O O 

o m 
cvi 



o o 
o o 

* ■ 



in 
cvi 



in 
o 



CO 



o 

o 

8 



o o 
o m 

cvi ^ 



o o 
m m 

cvi cvi 



o 
m 

cvi 



in 
o 

d 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi ^ 



o 
o 

LO 



o 

in 

cvi 



LO 

o 

* 

o 



CL 



■ 

o 
cvj 



o o 

O LO 

cvi ^ 



o 

LO 



o 
m 

cvi 



m 
o 

o 



LU 



CO 



O 
O 

s 



o o 
o m 

cvi ^ 



o 
o 

LO 



g 

CM 



in 
o 

o 



UJ 
_J 
CQ 



21 



o 
o 

a* 



o o 
o m 

cvi «<t 



o 
in 

cvi 



o 
m 

cvi 



o 
m 

cvi 



in 
o 



si 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi <<t 



o o 
o o 

■ ■ 

1- 



o 
in 

cvi 



m 
o 



o 
o 

* 

o 

CM 



O O 

o m 
cvi 



o 
o 

LO 



Q 
m 

cvi 



m 
o 



0>| 



o 
o 

• 

o 

CM 



o o 
o in 

cvi ^ 



o 
o 

LO 



o 
m 

cvi 



8 



O 
< 
LU 

CC 



o 

bz 

CO 

O 

CL 

O 
O 



! 

LU 

CC 
CL 



CC 


i_ 

CD 








z 




LYME 


olynr 


i 

o 

CC 


o 




CC ^ 
LU 5 


FEM 


Q. 




_J 


Lu 


< 5 < 


CO 


O 


CD 


> 


X 




>- 


CL 


£< 


X 


CL 


< 


CO 



*1 

^4 (J) 

cm" c 

- oS 



o 

>, CD 



Q> 

E 



O Q) 

• O r" 

Co 10 CD 

■C CD — -^r _ 

Q> Q. C O ^ O — 



£ 0.0)0.0.0)0.0)0) CO 



CD == 



1- 


o 


CC 


z 


c 

O -~ 


LU 


LU 


i_ CO 


X 


AG 


3 CD 
CL UL 


OT 



0 

CD e 

q o o 

IL Z CO 



13 



EP 0 335 669 A2 



CD CO 

co cvi 



o 

OJ 



CM 



tJ- CO 



CM 

c\i 

CM 



CO T"" 



CO 
CD 



lO 



CO CO 
CO CO 



o 
in 



p o> 

CO t- 



o 



8 



CO CO 

■ ■ 



CD CM 
CO CM 



CM 

a 



in 

CM 



!^ CO 



o 

CD 



CD <<fr 
CM CM* 



m 

CD 



8 



in co 



in 

N- 



• ■ 
CO T" 



I s - 



o 

CM 



CD CD 

iri CM 



O 

■ 

1^ 



o 

CM 



Ti- co 

"fr CM 



CM 

CM 
CM 



* • 

CO i- 



co 

CD 



m 

* 



CD CO 

in co 



o 

CD 



tj- in 

* V 

CO T- 



o 

CO 



m 

ft 



CO 
CM 



O 

CO 
CM 



^ CO 

• • 

CO t- 



CM 
CM 



in 
iri 



CD 
X 

»- >> 

> h- ^ 



CD 



a> 

4-* 03 
£ CO 



CD 

c 



2 

CD 

X 

J5r* co 



LU 

a. < 



+-» cfl Ql CC 
P -c o 



CD Is »- O 
~ w - C « <D ?A Z 

iu"2(OhCOc>iu5<h 



14 



EP 0 335 669 A2 

The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



24 



EP 0 335 669 A2 



O 

o 



o 
o 



o 

LO 
CM 



O 
O 



o 
o 

* 

o 

CM 



O 
O 

CM , 
i 
i 



o 
o 

LO 



o 
o 

o 

CM 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 
o 



5 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 



LU 
_l 

CL 



CO 



o 
o 

* 

o 

CM 



O 

o 

CM 



O 
O 

lo 



o 
o 

o 

CM 



X 
LU 

— I 
CD 

2 



CM 



o 
o 

m 

o 

CM 



O 

o 

m 

o 

CM 



O O 
O LO 

CM "fr 



O O 
O LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



LO 

o 
o 



LO 

o 
o 



o 
Ti- 



er) 

CM 



O O 
O LO 

CM 



O 
O 

LO 



O 

o 

CM 



O 

LO 

CM 



LO 

o 
o 



CD I 

col 



o 
o 

« 

o 

CM 



O O 
O LO 

cvi «t 



o 
o 



o 
o 



o 

LO 
CM 



LO 

o 



CO I 

col 



o 
< 

LU 

DC 



CO 

o 

CL 

O 

o 



LX 
Ui 



O 

CL 
UJ 
DC 
CL 



O 
O 

O 
CM 



«3 

CD X 

E cl 

o 

o cc 

Q. Q 

S> >: 

CL H 



LU 
CD 
< 



o o 

O LO 
CM ^ 



< 5 < 



= > 



LU 
J— 
CO 
>- 
CO 



o o 

LO LO 

cvi cvi 



c 

CD 

8" 



X 
CD 



CL — c 

o E ° Q c 

O ° in -C "'K 

£ * 2 « "" - 

c J 5 g £ -Q « 2 

Q. CL 5 § O Q) 



CO 
-Q 



LL 
CD 

. CD 

>r> r- ~r 

O 2 -S < 

i 



CD 

E E 
o 2 



E r " O 5 O 

>v3 0 ctfO.c5 m O 2 = CD ctf° 0) CD 



LU 
CD 
< 

CD 

t 
in 



LO 

cvi 



LO 

o 



00 
CO 



•js CC 
CL O 



cd 

Q O 
LL CO 



25 



EP 0 335 669 A2 



o o o 

CD CO LO 



o 

CO 



m CO 
CD CO 



si 



LO 
CD 



CD| 



CJ> CM 
LO CO 



O 
CD 



lO 

■ 



LOI 



CO O) CM 

co" csi 

CM 



o 
id 



5 



CO 



CM O 
CD CO 



O 



o 

■ 

N- 



Uj 
< 



CM I 



CM CO 
CD" CM 



8 



LO 
CM 



CD CO 



O 

CM 
CM 



CO 



51 



i— 00 
CO CM 



O 

CM 
CM 



O 

cvi 



SI 



CO o> 
id cvi 



o 



o 

CO 



CD 
CO 



CM O 
LO CO 



o 

LO 



LO 

CO 



001 

col 



LU 

_J 

CL 
LU 



Q 
LU 

z 

LU 
DC 



Q 

o 



22 

CD 

>> ^ 

CD •*£ CD 
-C +i 

i5 cj) .co 

§ P 5 



CD LU 

CO DC DC 

& ,= = o 

«J m o 

2 < F 



CO 
l_ 
•+-> 
X 
LU 



26 



EP 0 335 669 A2 



The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 



3 



EP 0 335 669 A2 



the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

32 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 335 669 

A2 



® 



EUROPEAN PATENT APPLICATION 



(3) Application number: 89303064.3 



Date of filing: 28.03.89 



© Int.Cl. 4 : 



A 61 F 13/00 

C 08 G 18/10, C 08 G 18/28, 
C 08 G 18/30, C 08 G 18/32, 
C 08 L 75/04 



© Priority: 29.03.88 US 175036 

© Date of publication of application : 
04.10.89 Bulletin 89/40 

© Designated Contracting States : 

AT BE CH DE ES FR GB GR IT LI LU NL SE 



® Applicant: FERRIS MFG., CORP. 
300 West 83rd Street 
Burr Ridge Illinois 60521 (US) 



Inventor: Sessions, Robert W. 
German Church Road Hinsdale 
Illinois 60521 (US) 

Carr, Roy D. 

8255 Steepieside Burr Ridge 
Illinois 60521 (US) 

Representative: Goodanew, Martin Eric et al 
MATHISEN, MACARA & CO. The Coach House 6-8 
Swakeleys Road 

lckenhamUxbrldgeUB10 8BZ (GB) 



® 



3 

<0 
CO 

in 

CO 
CO 



© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 



4 



EP 0 335 669 A2 

believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 



12 



EP 0 335 669 A2 



00 



o 
o 

8 



o o 
o uo 

cvi ^ 



o 
in 



o 

LO 

cvi 



o 
d 



o 
o 

• 

o 

CM 



O O 

o m 
cvi 



o o 
o o 

* ■ 



in 
cvi 



in 
o 



CO 



o 

o 

8 



o o 
o m 

cvi ^ 



o o 
m m 

cvi cvi 



o 
m 

cvi 



in 
o 

d 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi ^ 



o 
o 

LO 



o 

in 

cvi 



LO 

o 

* 

o 



CL 



■ 

o 
cvj 



o o 

O LO 

cvi ^ 



o 

LO 



o 
m 

cvi 



m 
o 

o 



LU 



CO 



O 
O 

s 



o o 
o m 

cvi ^ 



o 
o 

LO 



g 

CM 



in 
o 

o 



UJ 
_J 
CQ 



21 



o 
o 

a* 



o o 
o m 

cvi «<t 



o 
in 

cvi 



o 
m 

cvi 



o 
m 

cvi 



in 
o 



si 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi <<t 



o o 
o o 

■ ■ 

1- 



o 
in 

cvi 



m 
o 



o 
o 

* 

o 

CM 



O O 

o m 
cvi 



o 
o 

LO 



Q 
m 

cvi 



m 
o 



0>| 



o 
o 

• 

o 

CM 



o o 
o in 

cvi ^ 



o 
o 

LO 



o 
m 

cvi 



8 



O 
< 
LU 

CC 



o 

bz 

CO 

O 

CL 

O 
O 



! 

LU 

CC 
CL 



CC 


i_ 

CD 








z 




LYME 


olynr 


i 

o 

CC 


o 




CC ^ 
LU 5 


FEM 


Q. 




_J 


Lu 


< 5 < 


CO 


O 


CD 


> 


X 




>- 


CL 


£< 


X 


CL 


< 


CO 



*1 

^4 (J) 

cm" c 

- oS 



o 

>, CD 



Q> 

E 



O Q) 

• O r" 

Co 10 CD 

■C CD — -^r _ 

Q> Q. C O ^ O — 



£ 0.0)0.0.0)0.0)0) CO 



CD == 



1- 


o 


CC 


z 


c 

O -~ 


LU 


LU 


i_ CO 


X 


AG 


3 CD 
CL UL 


OT 



0 

CD e 

q o o 

IL Z CO 



13 



EP 0 335 669 A2 



CD CO 

co cvi 



o 

OJ 



CM 



tJ- CO 



CM 

c\i 

CM 



CO T"" 



CO 
CD 



lO 



CO CO 
CO CO 



o 
in 



p o> 

CO t- 



o 



8 



CO CO 

■ ■ 



CD CM 
CO CM 



CM 

a 



in 

CM 



!^ CO 



o 

CD 



CD <<fr 
CM CM* 



m 

CD 



8 



in co 



in 

N- 



• ■ 
CO T" 



I s - 



o 

CM 



CD CD 

iri CM 



O 

■ 

1^ 



o 

CM 



Ti- co 

"fr CM 



CM 

CM 
CM 



* • 

CO i- 



co 

CD 



m 

* 



CD CO 

in co 



o 

CD 



tj- in 

* V 

CO T- 



o 

CO 



m 

ft 



CO 
CM 



O 

CO 
CM 



^ CO 

• • 

CO t- 



CM 
CM 



in 
iri 



CD 
X 

»- >> 

> h- ^ 



CD 



a> 

4-* 03 
£ CO 



CD 

c 



2 

CD 

X 

J5r* co 



LU 

a. < 



+-» cfl Ql CC 
P -c o 



CD Is »- O 
~ w - C « <D ?A Z 

iu"2(OhCOc>iu5<h 



14 



EP 0 335 669 A2 

The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 



18 



EP 0 335 669 A2 



o 
o 



o 
o 

cvi 



o o 
o o 

cvi d 



o 
o 



o 
in 

cvi 



LO 

o 



CVJ! 

col 



o 
o 

d 

CM 



O O 

O O 

* ■ 

CVJ y- 



O 

m 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 

m 

o 



CO 



8 



o 
o 



o 
o 

LO 



LO 

o 



o 

CO 



o 

CM 



o 
o 

cvi 



o 
o 



o 
o 

LO 



LO O 

o i- 



> 

LU 

_J 

CO. 

2 



CM 



8 



o 
o 

cvi 



o 

LO 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 



CO 
CM 



o 
o 

• 

o 

CM 



o 
o 

CM 



o 

LO 



o 
o 

LO 



o 

LO 

CM 



LO 

o 
d 



cmI 



CO 

o 

Q_ 



DC 
LU 



o 

LU 

cc 



?3 

CD X 

E Q- 

>> o 

O DC 

CL Q 

£ > 

CL X 



LU 

o 
< 



CO 

c 

<D 
CD 
CD 

co 



0 
C 

E h- 

co 2 

o cc 5 

^— •*= I— =^ 

O ' 0) s H 



QOUJO< CL Q ClS^< 



LU 
05 



LU 
< 

o 

cB t 



00 CM 

CO CO 

Li- 

O O 

• MOT »OTM 

c c 

o o 

CL CL 



CO 



OC 
LU 



"Si 
DC ^ 



CO 

o 



CD 
3 

CD c _ 

o B o o 

Q O Q o O -j= 

IL(/) LLTf t-Q 



CD 
C 

CO 
X 

o 



O 
O 



O 
< 

LU 
CC 



= > 



19 



EP 0 335 669 A2 



cvi 



■ 



col 



CO 00 O CD CO O O 

in cvi cvi 



CO^CM 



CO 



co m 

CO <<* 



m 
cd 



81 



LU 
-I 
CD 
< 



cvj 

■ ■ 

o 



o 
cvi 



CD I 

cvi! 



"<fr O N- 

CD CO O 
CVI 



CO I 

evil 



cvj cq 

cd co o 
cvi 



o 
cvi 



LU 
_] 
Q_ 

< 

X 
LU 



Q 

Z> 
O 



Q 
LU 



LU 
CC 



0$ 

V- 

& *c5 

1 « 

CD >< 
■S -C UJ 

> H c> 



© 

C 

CO 



cd 

CD 
-»— » 

CO 



LU 



CD 

c 

"ctf 
CO 



2 



CO 



o 



O 

CC 

* 8 
JC LU CO 

O) o CQ 

h <; 



20 



EP 0 335 669 A2 



The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 



18 



EP 0 335 669 A2 



o 
o 



o 
o 

cvi 



o o 
o o 

cvi d 



o 
o 



o 
in 

cvi 



LO 

o 



CVJ! 

col 



o 
o 

d 

CM 



O O 

O O 

* ■ 

CVJ y- 



O 

m 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 

m 

o 



CO 



8 



o 
o 



o 
o 

LO 



LO 

o 



o 

CO 



o 

CM 



o 
o 

cvi 



o 
o 



o 
o 

LO 



LO O 

o i- 



> 

LU 

_J 

CO. 

2 



CM 



8 



o 
o 

cvi 



o 

LO 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 



CO 
CM 



o 
o 

• 

o 

CM 



o 
o 

CM 



o 

LO 



o 
o 

LO 



o 

LO 

CM 



LO 

o 
d 



cmI 



CO 

o 

Q_ 



DC 
LU 



o 

LU 

cc 



?3 

CD X 

E Q- 

>> o 

O DC 

CL Q 

£ > 

CL X 



LU 

o 
< 



CO 

c 

<D 
CD 
CD 

co 



0 
C 

E h- 

co 2 

o cc 5 

^— •*= I— =^ 

O ' 0) s H 



QOUJO< CL Q ClS^< 



LU 
05 



LU 
< 

o 

cB t 



00 CM 

CO CO 

Li- 

O O 

• MOT »OTM 

c c 

o o 

CL CL 



CO 



OC 
LU 



"Si 
DC ^ 



CO 

o 



CD 
3 

CD c _ 

o B o o 

Q O Q o O -j= 

IL(/) LLTf t-Q 



CD 
C 

CO 
X 

o 



O 
O 



O 
< 

LU 
CC 



= > 



19 



EP 0 335 669 A2 



cvi 



■ 



col 



CO 00 O CD CO O O 

in cvi cvi 



CO^CM 



CO 



co m 

CO <<* 



m 
cd 



81 



LU 
-I 
CD 
< 



cvj 

■ ■ 

o 



o 
cvi 



CD I 

cvi! 



"<fr O N- 

CD CO O 
CVI 



CO I 

evil 



cvj cq 

cd co o 
cvi 



o 
cvi 



LU 
_] 
Q_ 

< 

X 
LU 



Q 

Z> 
O 



Q 
LU 



LU 
CC 



0$ 

V- 

& *c5 

1 « 

CD >< 
■S -C UJ 

> H c> 



© 

C 

CO 



cd 

CD 
-»— » 

CO 



LU 



CD 

c 

"ctf 
CO 



2 



CO 



o 



O 

CC 

* 8 
JC LU CO 

O) o CQ 

h <; 



20 



EP 0 335 669 A2 



The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 



35 



40 



45 



50 



55 



60 



65 



9 



EP 0 335 669 A2 



CO | 



o 
o 



o o 
o o 

CO CO 



o 
o 



o 



o 
o 

o 

CV1 



o o 
o o 

cvi co 



o 
o 

in 



o 
o 

cvi 



COI 



o 
o 

a 



o o 
o o 

cvi iri 



o 
o 

ID 



to I 



o 

CM 



o in 
o cvj 

cvi cvi 



in o 

cvj m 

* <• 

T— O 



LO 



CVI 



LU 
_I 
CL 



LU 



^■1 



o 
o 

o 

CM 



O O 
O O 

cvi d 



o 
o 



m 

s 



LO 



LU 
—I 
CD 

2 



co | 



o 
o 

• 

o 

CVI 



o o 
o in 

cvi ^ 



o 
o 

iri 



m 
cvi 



evil 



o 
o 

■ 

o 
cvi 



o o 
o o 

cvi o 



8 



m 
o 



m 



o 
o 



o o 
o in 

cvi 



o 
o 

iri 



o 
m 

cvi 



m 
o 



co 
O 

i 

O 
O 



i 

LU 
CC 
Q. 



cc 

LU 



o 

CL 



<8 

E CL 

o cc 

CL X 



LU 
CD 

< 



LU 3 

< a 
< 5 < 



LU 

to 



CD 

g 

CD 



CD 

t 

LU 



LU 
CD 
< 



CO CVI CO CVI 

CO CO co o> 
■ I I I. 



o 

'c 
o 



o 

"c 
o 



CL CL 



o 

*c 
o 

CL 



_ LO O 

O CO C CD CO 

„ , . , •*-» CO 

o 



I 

LU 
Q 



o-g 



O ^ CO 



CD 


CO 
|_ 






z 


< 


LU 


o 


CD 


Li. 


< 



3 *0 S 
CD 



CD 

— "5 

03 CO ^ ctf C 

O t- O co S 

Q O Q O O 

LL Z IL Z (0 



2 
o 
< 

cc 



10 



EP 0 33S669 A2 



ool 



i- CD 

• m 



CD 



cvi 



o> p 

LO CO 



o 

CO 



CO I 



cvi Ti- 
ed CO 



O 

cd 



O 
CD 



O 
CD 



LOI 



CO o 
id co" 



o 
o 

CM 



CO 

» ■ 

CO ^ 



o 
en 



CO 
CO 



CD 



o 
o 

CM 



^ cm 



o o 

• ■ 

CD i- 



UJ 
—J 
CQ 

I* 



■^j- co 

CD CO 



o 
o 

CM 



O 



CO 



o 

CM 
CM 



CO CO 

ID cvi 



CM 
CD 



lO 

CO 



COI 



i- CO 

CD cvi 



O 
CM 



CO 
CO 



CO 
CO 



o 

CO 
CM 



t— CO 
id CM 



o 
cm 

CM 



o 

CM 



CM I 



CO Oi O CD <tf CO CD 
lO CM CD CO i- CD CO 



CO 
CO 



CD Tj- 
^ CM 



CM 
CO 



O 
CO 



^ CO 
LO CO 



O CD CO 

• ■ ■ 

CM CO f- 
CM 



lO 

CM 
CM 



CM 

O CD 

■ ■ 



CM 
CM 



CM CO 

id cvi 



CM O 

■ • 

t- CO 

CM 



LU 

_l 

LU 



Q 
LU 

LU 
CC 



o 



]□ 

CD 

X 



o 

CO 

a 
co 



£ £ £ UJ 
^ I- ^ c> 



coc^cLUiHco^Sco^ 

CO "S D)"m 0 CO p O .^P O 



CD 

X 



O 
c 



as 

■4— » 

o 

CO 
v- 

LU 



CO 
1— 

CD 



O 
o 



2 

T O 
c J- — . 



co 
CO 



.2> co 
CO 



O CO I— O CO 



CO 

o 

CO — 

i= .go 
UJ £ 



CD '-t' 

CO CD CO o Jr 

z x z: CO £. 

_ co CC 

io r lo m -h W I- 

O D)p o ^ CD < 

o i— o ^ S < oc 



11 



EP 0 335 669 A2 



As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



21 



EP 0 335 669 A2 



o 

CM 



O O 

o in 
cvi 



o 
o 

in 



CM 



o 
m 

CM 



m 



o 

CM 



8 8 8 



CM Tt- 



in 



8 

cvi 



s 

CM 



in 
o 

d 



81 



LU 
CL 



O 

o 

■ 

o 

CM 



m 

CO 



o o 
o m 

cm ^ 



m 



o 
o 

CM 



o 
in 

CM 



m 



>< 

LU 
—J 

m 
< 



8 

* 

o 

CM 



O O 

o m 
cm* ^ 



8 

iri 



o 
o 

CM 



in 

cvi 



m 
o 



CO 



8 



o o 
o m 

CM ^ 



O O 

o o 
in cm 



in 

CM 



m 



CO 
CO 



EC 
LU 



O 

CL 
LU 

cc 

CL 



i— — 
CD X 
£ CL 

>> o 

o cc 

CL q 
CL JZ 



1 1 1 
< 



LU 

| 

CO 



LU ^ 

■ / 

< Q 



o . 
o < 

CM 



4-» O 



a 2 



<5<| D 



Q) 
O 

>» O _ _ 

o> o o o o 



b 

E S 

O Q 



CD 
C 

o 

■E 
o 
o 
o 

1_ 
TJ 
>> 



# 2 

in < 

o 0 

Q) LU 

O > 



CO 

CD 
i 



•= CC 
O LU 



cl O 



CQ c 
Q o 

Li. CO 



CO 

O 
CL 

o 
o 



o 
< 

CC 



22 



EP 0 335 669 A2 



to K o o 

• » • p 

(O (M T" ^ 

CM 



to 



h- co o o 

lO CM O* CM 
CM 



81 



^J- CO o o 

CO CM O CO 
CM 



X 

LU 

— I 
CD 

2 



to 

CO 



CO N O O 

CO CM ^ CM 
CM 



SI 



CO | 

col 



CO CO o o 

lO CM CO CM 
CM 



LU 
D_ 

LU 



Q 

o 



LU 



LU 
CC 



<D 



.55 

<5 LU 

2 -8 2 

I § J: 

H CC 

* o 

r Hi CO 



^ D) o EQ 

i— o~ < 



23 



EP 0 335 669 A2 



As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



24 



EP 0 335 669 A2 



O 

o 



o 
o 



o 

LO 
CM 



O 
O 



o 
o 

* 

o 

CM 



O 
O 

CM , 
i 
i 



o 
o 

LO 



o 
o 

o 

CM 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 
o 



5 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 



LU 
_l 

CL 



CO 



o 
o 

* 

o 

CM 



O 

o 

CM 



O 
O 

lo 



o 
o 

o 

CM 



X 
LU 

— I 
CD 

2 



CM 



o 
o 

m 

o 

CM 



O 

o 

m 

o 

CM 



O O 
O LO 

CM "fr 



O O 
O LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



LO 

o 
o 



LO 

o 
o 



o 
Ti- 



er) 

CM 



O O 
O LO 

CM 



O 
O 

LO 



O 

o 

CM 



O 

LO 

CM 



LO 

o 
o 



CD I 

col 



o 
o 

« 

o 

CM 



O O 
O LO 

cvi «t 



o 
o 



o 
o 



o 

LO 
CM 



LO 

o 



CO I 

col 



o 
< 

LU 

DC 



CO 

o 

CL 

O 

o 



LX 
Ui 



O 

CL 
UJ 
DC 
CL 



O 
O 

O 
CM 



«3 

CD X 

E cl 

o 

o cc 

Q. Q 

S> >: 

CL H 



LU 
CD 
< 



o o 

O LO 
CM ^ 



< 5 < 



= > 



LU 
J— 
CO 
>- 
CO 



o o 

LO LO 

cvi cvi 



c 

CD 

8" 



X 
CD 



CL — c 

o E ° Q c 

O ° in -C "'K 

£ * 2 « "" - 

c J 5 g £ -Q « 2 

Q. CL 5 § O Q) 



CO 
-Q 



LL 
CD 

. CD 

>r> r- ~r 

O 2 -S < 

i 



CD 

E E 
o 2 



E r " O 5 O 

>v3 0 ctfO.c5 m O 2 = CD ctf° 0) CD 



LU 
CD 
< 

CD 

t 
in 



LO 

cvi 



LO 

o 



00 
CO 



•js CC 
CL O 



cd 

Q O 
LL CO 



25 



EP 0 335 669 A2 



o o o 

CD CO LO 



o 

CO 



m CO 
CD CO 



si 



LO 
CD 



CD| 



CJ> CM 
LO CO 



O 
CD 



lO 

■ 



LOI 



CO O) CM 

co" csi 

CM 



o 
id 



5 



CO 



CM O 
CD CO 



O 



o 

■ 

N- 



Uj 
< 



CM I 



CM CO 
CD" CM 



8 



LO 
CM 



CD CO 



O 

CM 
CM 



CO 



51 



i— 00 
CO CM 



O 

CM 
CM 



O 

cvi 



SI 



CO o> 
id cvi 



o 



o 

CO 



CD 
CO 



CM O 
LO CO 



o 

LO 



LO 

CO 



001 

col 



LU 

_J 

CL 
LU 



Q 
LU 

z 

LU 
DC 



Q 

o 



22 

CD 

>> ^ 

CD •*£ CD 
-C +i 

i5 cj) .co 

§ P 5 



CD LU 

CO DC DC 

& ,= = o 

«J m o 

2 < F 



CO 
l_ 
•+-> 
X 
LU 



26 



EP 0 335 669 A2 



The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 



18 



EP 0 335 669 A2 



o 
o 



o 
o 

cvi 



o o 
o o 

cvi d 



o 
o 



o 
in 

cvi 



LO 

o 



CVJ! 

col 



o 
o 

d 

CM 



O O 

O O 

* ■ 

CVJ y- 



O 

m 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 

m 

o 



CO 



8 



o 
o 



o 
o 

LO 



LO 

o 



o 

CO 



o 

CM 



o 
o 

cvi 



o 
o 



o 
o 

LO 



LO O 

o i- 



> 

LU 

_J 

CO. 

2 



CM 



8 



o 
o 

cvi 



o 

LO 



o 
o 

LO 



o 

LO 

cvi 



LO 

o 



CO 
CM 



o 
o 

• 

o 

CM 



o 
o 

CM 



o 

LO 



o 
o 

LO 



o 

LO 

CM 



LO 

o 
d 



cmI 



CO 

o 

Q_ 



DC 
LU 



o 

LU 

cc 



?3 

CD X 

E Q- 

>> o 

O DC 

CL Q 

£ > 

CL X 



LU 

o 
< 



CO 

c 

<D 
CD 
CD 

co 



0 
C 

E h- 

co 2 

o cc 5 

^— •*= I— =^ 

O ' 0) s H 



QOUJO< CL Q ClS^< 



LU 
05 



LU 
< 

o 

cB t 



00 CM 

CO CO 

Li- 

O O 

• MOT »OTM 

c c 

o o 

CL CL 



CO 



OC 
LU 



"Si 
DC ^ 



CO 

o 



CD 
3 

CD c _ 

o B o o 

Q O Q o O -j= 

IL(/) LLTf t-Q 



CD 
C 

CO 
X 

o 



O 
O 



O 
< 

LU 
CC 



= > 



19 



EP 0 335 669 A2 



cvi 



■ 



col 



CO 00 O CD CO O O 

in cvi cvi 



CO^CM 



CO 



co m 

CO <<* 



m 
cd 



81 



LU 
-I 
CD 
< 



cvj 

■ ■ 

o 



o 
cvi 



CD I 

cvi! 



"<fr O N- 

CD CO O 
CVI 



CO I 

evil 



cvj cq 

cd co o 
cvi 



o 
cvi 



LU 
_] 
Q_ 

< 

X 
LU 



Q 

Z> 
O 



Q 
LU 



LU 
CC 



0$ 

V- 

& *c5 

1 « 

CD >< 
■S -C UJ 

> H c> 



© 

C 

CO 



cd 

CD 
-»— » 

CO 



LU 



CD 

c 

"ctf 
CO 



2 



CO 



o 



O 

CC 

* 8 
JC LU CO 

O) o CQ 

h <; 



20 



EP 0 335 669 A2 



The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



24 



EP 0 335 669 A2 



O 

o 



o 
o 



o 

LO 
CM 



O 
O 



o 
o 

* 

o 

CM 



O 
O 

CM , 
i 
i 



o 
o 

LO 



o 
o 

o 

CM 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 
o 



5 



o 
o 



o 
o 

cvi 



o 
o 

to 



o 



LU 
_l 

CL 



CO 



o 
o 

* 

o 

CM 



O 

o 

CM 



O 
O 

lo 



o 
o 

o 

CM 



X 
LU 

— I 
CD 

2 



CM 



o 
o 

m 

o 

CM 



O 

o 

m 

o 

CM 



O O 
O LO 

CM "fr 



O O 
O LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



O 
O 

LO 



O 
O 

CM 



O 
LO 

CM 



LO 

o 
o 



LO 

o 
o 



o 
Ti- 



er) 

CM 



O O 
O LO 

CM 



O 
O 

LO 



O 

o 

CM 



O 

LO 

CM 



LO 

o 
o 



CD I 

col 



o 
o 

« 

o 

CM 



O O 
O LO 

cvi «t 



o 
o 



o 
o 



o 

LO 
CM 



LO 

o 



CO I 

col 



o 
< 

LU 

DC 



CO 

o 

CL 

O 

o 



LX 
Ui 



O 

CL 
UJ 
DC 
CL 



O 
O 

O 
CM 



«3 

CD X 

E cl 

o 

o cc 

Q. Q 

S> >: 

CL H 



LU 
CD 
< 



o o 

O LO 
CM ^ 



< 5 < 



= > 



LU 
J— 
CO 
>- 
CO 



o o 

LO LO 

cvi cvi 



c 

CD 

8" 



X 
CD 



CL — c 

o E ° Q c 

O ° in -C "'K 

£ * 2 « "" - 

c J 5 g £ -Q « 2 

Q. CL 5 § O Q) 



CO 
-Q 



LL 
CD 

. CD 

>r> r- ~r 

O 2 -S < 

i 



CD 

E E 
o 2 



E r " O 5 O 

>v3 0 ctfO.c5 m O 2 = CD ctf° 0) CD 



LU 
CD 
< 

CD 

t 
in 



LO 

cvi 



LO 

o 



00 
CO 



•js CC 
CL O 



cd 

Q O 
LL CO 



25 



EP 0 335 669 A2 



o o o 

CD CO LO 



o 

CO 



m CO 
CD CO 



si 



LO 
CD 



CD| 



CJ> CM 
LO CO 



O 
CD 



lO 

■ 



LOI 



CO O) CM 

co" csi 

CM 



o 
id 



5 



CO 



CM O 
CD CO 



O 



o 

■ 

N- 



Uj 
< 



CM I 



CM CO 
CD" CM 



8 



LO 
CM 



CD CO 



O 

CM 
CM 



CO 



51 



i— 00 
CO CM 



O 

CM 
CM 



O 

cvi 



SI 



CO o> 
id cvi 



o 



o 

CO 



CD 
CO 



CM O 
LO CO 



o 

LO 



LO 

CO 



001 

col 



LU 

_J 

CL 
LU 



Q 
LU 

z 

LU 
DC 



Q 

o 



22 

CD 

>> ^ 

CD •*£ CD 
-C +i 

i5 cj) .co 

§ P 5 



CD LU 

CO DC DC 

& ,= = o 

«J m o 

2 < F 



CO 
l_ 
•+-> 
X 
LU 



26 



EP 0 335 669 A2 



The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 



30 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 



2 



EP 0 335 669 A2 



hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 



15 



EP 0 335 669 A2 



8 8 

• * 

O O 



o o o 

to m lo 

• « * 

CM O 



O O 

o to 



o 

LO 

cvi 



LO 

o 

■ 

o 



CO 
CM 



o 
o 

a 



8 

CM 



O 
LO 



o 
o 

to* 



o 

LO 

CM 



LO 



LO| 

CM! 



o o 

o o 

• • 

o o 



o o o 

O O LO 
CM CM 



o o 

O LO 

• • 

o o 



o 

LO 

CM 



to 



Si I 



o 

■ 

o 

CM 



CM 



LO 



LO 



8 

CM 



LO 
O 



UJ 
I 

CL 



CO 
CM 



< 

X 
LLI 



O 

o 

* 

o 

CM 



CM 



O 

o 
o 



o 
o 

LO 



LU 
-J 

m 

2 



CM 
CM 



O O 
O O 

LO to 



CM 



O 
LO 

■ 



o 
o 

LO 



to 

CM 



LO 
O 



CM 



8 
8 



8 

CM 



O 
LO 



O 
O 

to 



s 

cvi 



to 
o 

o 



a 



8 

a 



8 

CM 



O 

LO 



o 
o 

LO 



8 

CM 



LO 

o 
o 



CD 



CO 

o 

CL 

O 

o 



LU 

cc 

n 



DC 
Hi 



O 

CL 



<CDOQlUiL(D^ 

EEEEEEEfL 
ooooooocc 

(DCDOCDCUOO'C! 
Q.Q.Q.Q.Q.0.Q.X 



UJ 
CD 
< 



cc 

LU 

< Q 5 



CD 

CO jo 

E ^ 

E io 

o cq 

2! o 



2 



Q 
< 



LU 

I 

CO 



CP 

1^1= 

O) J= 5" 



CD 
O 



LU 

o 
< 



CO CM 

CD 05 

LL. _J 

.2 .2 Q- 

O O LU 

Q. CL O 



c 
o 



CD 



CO 



O 
CO 

o 

Q o 

LL Z 



g 

< 
LU 



16 



EP 0 335 669 A2 



O CD 
O CD 



CM 
CM 



LO 
CM 



CO 
CM 



CD CO 

■ • 



o 

* 

CM 



LO 

CM 



LO 
CM 



LO O 
CO CO 



8 



12 



Si 



00 CM 
CO CM 



O 

■ 

CM 



> 

UJ 
_! 

m 

2 



i— LO 
CO CM 



O 
CO 



CM 
CM 



CD CD 
lO CM 



CM 

* 

CM 



O 
CO 



CM 



CD 



O 
CD 



O CO 
CO 



CM 



O 
CD 

A 



o 

CM 



T- 0> 

l< LO 



CM 

8 



CO LO 
LO ^ 



CM 
CD 



SI 



UJ 

_J 

6 



Q 
UJ 

z 

UJ 



o 



2 



a) 
o 

J= -S3 



32 — 
* ■= 2= 

j; DC 



i_ ^ X CD^O) X O 111 



17 



EP 0 335 669 A2 



The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 



7 



EP 0 335 669 A2 



Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 



3 



EP 0 335 669 A2 



the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



27 



EP 0 335 669 A2 



to 



o 
o 



o 
o 



o o o 

O O LO 

cvj cvi 



o 
o 

o 



o 

LO 

cvi 



m 
o 

» 

o 



81 



O 

o 



o o o 
o o to 

cm cvi ^ 



o to 

O T- 

# ■ 

o o 



o o 

LO O 

■ * 

CM t- 



o 

■ 

o 



toi 
to! 



o o 

o o 

■ • 

o o 



o o o 
o o o 

cvi cvi co 

CM 



o o 

O LO 



o 
o 

■ 

Tl- 



IO 

o 

■ 

o 



Si 



o 
o 

■ 

o 



o 

■ 

o 



o o o 
o o o 

CM CM CM 



o o 
o to 

CO o 



o 
o 

CM 



LO 

o 
o 



LU 

_J 

CL 



CO 
LO 



o 
to 



o 
to 



o o o 

O O LO 

cvi CM tJ" 



o o 

o o 

m w 

CJ> T- 



o 
to 

cvi 



LO 

o 
o 



< 

LU 



X 
CO 

2 



CM 

LO 



8 



o 
o 

■ 

o 



o o o 

O O LO 
^ CM ^ 



o o o 

o o to 

■ • • 

CM i- 



o o 

o o 

• • 

o t- 



o o 
o o 

LO T- 



o 
to 

cvi 



o 

LO 

cvi 



LO 

o 

■ 

o 



LO 



LO 



SI 



o 
o 



o 
o 



o o o 

O O LO 

■ * ■ 

CM i- "<fr 



o o o 
o o o 

LO CO CM 



s 

CM 



to 
o 

o 



§1 



o 
o 



o o o 

O O LO 

■ • ■ 

W T- ^ 



o o o 

o o o 

• ■ ■ 

lO T- T- 



o 

LO 
CM 



8 



31 



8 

o 

CM 



o 
o 

cvi 



8 



o o 
o o 

LO T- 



o 

LO 

CM 



LO 

o 



o 
< 

LU 

oc 



g 

CO 

o 

CL 

o 
o 



or 

LU 



I 

LU 



o 

0. 



CD 

E 
o 

Q. 

CD 
1— 

CL 



E 
>» 

o 

CL 
CD 



I 

o 

oc 
>• 



< CL CD X 



o 


h- 


—1 


LU 


x 


(D 


CL 


< 



cc 

LU 

< Q 5 



as 



CD O 



E c to r ->. =s 
O -J5 as Q 



LU 

CO 



CD 
C 
CD 



CD CD O t 

>> o s y 

a) x a cd> 



LU 

< 



o 

"c 
o 



CO 



as 

•4-* 

W 

CO o 



DC 
LU 



2 CM ^ -? x 

Q_ U_ 0 I O CO O 



CD 

CQ c 

Q O O 

LL Z C/D 



28 



EP 0 335 669 A2 



t\J CO 

cvi co 



o 

CO 
CM 



ESI 



(D r CO 



CD [ 

ml 



LO O 
CO CD 



O 

CO 



O 
CD 



LOl 

ml 



CM 

C\i CD 



CO 

CD 
<M 



O 

cvi 



to 



CO 

to 



i- CO 

« * 

i- CD 



o 

CVi 



LO 



> 

X 

a 

CD 
< 



cvi 
id 



o p 

CD LO 



CO 
CVI 



o 
cvi 



LO 



CO CO 
CD ^ 



o 

CVi 



o 
cvi 



o 

LO 



LO t- 

CO ^ 



o 



LO 



i- CD 

lo cvi 



LO 
CVJ 



o 

cvi 



31 



LU 

— 1 
Q_ 

LU 



s 

LU 

DC 



Q 

o 



0) 

d) +-» o 

+2 -C 



+-' CD 



o 

CEJ 

1— 

X 
LU 



CD 

to 



I 

lt 

o 

CO 
CO 

< 



LU 

EC 



29 



EP 0 335 669 A2 



The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 
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Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 



12 



EP 0 335 669 A2 



00 



o 
o 

8 



o o 
o uo 

cvi ^ 



o 
in 



o 

LO 

cvi 



o 
d 



o 
o 

• 

o 

CM 



O O 

o m 
cvi 



o o 
o o 

* ■ 



in 
cvi 



in 
o 



CO 



o 

o 

8 



o o 
o m 

cvi ^ 



o o 
m m 

cvi cvi 



o 
m 

cvi 



in 
o 

d 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi ^ 



o 
o 

LO 



o 

in 

cvi 



LO 

o 

* 

o 



CL 



■ 

o 
cvj 



o o 

O LO 

cvi ^ 



o 

LO 



o 
m 

cvi 



m 
o 

o 



LU 



CO 



O 
O 

s 



o o 
o m 

cvi ^ 



o 
o 

LO 



g 

CM 



in 
o 

o 



UJ 
_J 
CQ 



21 



o 
o 

a* 



o o 
o m 

cvi «<t 



o 
in 

cvi 



o 
m 

cvi 



o 
m 

cvi 



in 
o 



si 



o 
o 

■ 

o 

CVI 



o o 

O LO 

cvi <<t 



o o 
o o 

■ ■ 

1- 



o 
in 

cvi 



m 
o 



o 
o 

* 

o 

CM 



O O 

o m 
cvi 



o 
o 

LO 



Q 
m 

cvi 



m 
o 



0>| 



o 
o 

• 

o 

CM 



o o 
o in 

cvi ^ 



o 
o 

LO 



o 
m 

cvi 



8 



O 
< 
LU 

CC 



o 

bz 

CO 

O 

CL 

O 
O 



! 

LU 

CC 
CL 



CC 


i_ 

CD 








z 




LYME 


olynr 


i 

o 

CC 


o 




CC ^ 
LU 5 


FEM 


Q. 




_J 


Lu 


< 5 < 


CO 


O 


CD 


> 


X 




>- 


CL 


£< 


X 


CL 


< 


CO 



*1 

^4 (J) 

cm" c 

- oS 



o 

>, CD 



Q> 

E 



O Q) 

• O r" 

Co 10 CD 

■C CD — -^r _ 

Q> Q. C O ^ O — 



£ 0.0)0.0.0)0.0)0) CO 



CD == 



1- 


o 


CC 


z 


c 

O -~ 


LU 


LU 


i_ CO 


X 


AG 


3 CD 
CL UL 


OT 



0 

CD e 

q o o 

IL Z CO 



13 



EP 0 335 669 A2 



CD CO 

co cvi 



o 

OJ 



CM 



tJ- CO 



CM 

c\i 

CM 



CO T"" 



CO 
CD 



lO 



CO CO 
CO CO 



o 
in 



p o> 

CO t- 



o 



8 



CO CO 

■ ■ 



CD CM 
CO CM 



CM 

a 



in 

CM 



!^ CO 



o 

CD 



CD <<fr 
CM CM* 



m 

CD 



8 



in co 



in 

N- 



• ■ 
CO T" 



I s - 



o 

CM 



CD CD 

iri CM 



O 

■ 

1^ 



o 

CM 



Ti- co 

"fr CM 



CM 

CM 
CM 



* • 

CO i- 



co 

CD 



m 

* 



CD CO 

in co 



o 

CD 



tj- in 

* V 

CO T- 



o 

CO 



m 

ft 



CO 
CM 



O 

CO 
CM 



^ CO 

• • 

CO t- 



CM 
CM 



in 
iri 



CD 
X 

»- >> 

> h- ^ 



CD 



a> 

4-* 03 
£ CO 



CD 

c 



2 

CD 

X 

J5r* co 



LU 

a. < 



+-» cfl Ql CC 
P -c o 



CD Is »- O 
~ w - C « <D ?A Z 

iu"2(OhCOc>iu5<h 



14 



EP 0 335 669 A2 

The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 



15 



EP 0 335 669 A2 



8 8 

• * 

O O 



o o o 

to m lo 

• « * 

CM O 



O O 

o to 



o 

LO 

cvi 



LO 

o 

■ 

o 



CO 
CM 



o 
o 

a 



8 

CM 



O 
LO 



o 
o 

to* 



o 

LO 

CM 



LO 



LO| 

CM! 



o o 

o o 

• • 

o o 



o o o 

O O LO 
CM CM 



o o 

O LO 

• • 

o o 



o 

LO 

CM 



to 



Si I 



o 

■ 

o 

CM 



CM 



LO 



LO 



8 

CM 



LO 
O 



UJ 
I 

CL 



CO 
CM 



< 

X 
LLI 



O 

o 

* 

o 

CM 



CM 



O 

o 
o 



o 
o 

LO 



LU 
-J 

m 

2 



CM 
CM 



O O 
O O 

LO to 



CM 



O 
LO 

■ 



o 
o 

LO 



to 

CM 



LO 
O 



CM 



8 
8 



8 

CM 



O 
LO 



O 
O 

to 



s 

cvi 



to 
o 

o 



a 



8 

a 



8 

CM 



O 

LO 



o 
o 

LO 



8 

CM 



LO 

o 
o 



CD 



CO 

o 

CL 

O 

o 



LU 

cc 

n 



DC 
Hi 



O 

CL 



<CDOQlUiL(D^ 

EEEEEEEfL 
ooooooocc 

(DCDOCDCUOO'C! 
Q.Q.Q.Q.Q.0.Q.X 



UJ 
CD 
< 



cc 

LU 

< Q 5 



CD 

CO jo 

E ^ 

E io 

o cq 

2! o 



2 



Q 
< 



LU 

I 

CO 



CP 

1^1= 

O) J= 5" 



CD 
O 



LU 

o 
< 



CO CM 

CD 05 

LL. _J 

.2 .2 Q- 

O O LU 

Q. CL O 



c 
o 



CD 



CO 



O 
CO 

o 

Q o 

LL Z 



g 

< 
LU 



16 



EP 0 335 669 A2 



O CD 
O CD 



CM 
CM 



LO 
CM 



CO 
CM 



CD CO 

■ • 



o 

* 

CM 



LO 

CM 



LO 
CM 



LO O 
CO CO 



8 



12 



Si 



00 CM 
CO CM 



O 

■ 

CM 



> 

UJ 
_! 

m 

2 



i— LO 
CO CM 



O 
CO 



CM 
CM 



CD CD 
lO CM 



CM 

* 

CM 



O 
CO 



CM 



CD 



O 
CD 



O CO 
CO 



CM 



O 
CD 

A 



o 

CM 



T- 0> 

l< LO 



CM 

8 



CO LO 
LO ^ 



CM 
CD 



SI 



UJ 

_J 

6 



Q 
UJ 

z 

UJ 



o 



2 



a) 
o 

J= -S3 



32 — 
* ■= 2= 

j; DC 



i_ ^ X CD^O) X O 111 



17 



EP 0 335 669 A2 



The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 
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copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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© Hydrophilic foam compositions. 

© A hydrophilic foam composition comprising the in situ 
reaction product of an isocyanate-capped polyether pre- 
polymer, a hydrophilic agent capable of absorbing water, an 
adjuvant comprising an alcohol, a wetting agent, and water. The 
composition releasably carries the adjuvant and will release at 
least a portion of the adjuvant in the presence of an external 
liquid so that the liquid can be absorbed and carried by the foam 
composition. The composition is particularly useful in wound 
dressings and composites for use in such dressings. 
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Description 



The present invention relates to novel foam products and, more particularly, to highly absorbent hydrophilic 
polyurethane foam compositions which have liquid release and exchange characteristics. 
5 Absorbent pads, such as for use in contact with the skin for absorbing body fluids, are well known. Such 
pads are useful for numerous applications, including for example as a diaper, sanitary napkin, bandage, wound 
dressing or the like. 

Absorbent pads have been made of a wide variety of materials. For example, such pads have been made 
using graft copolymers, as described in U.S. 4,055,184. The absorbent pad therein described includes an 

10 absorbent mass comprising a solid finely-divided mixture of a completely hydrolyzed starch-polyacrylonitrile 
graft copolymer and a non-irritating and non-toxic water-soluble basic material such as, for example, sodium 
bicarbonate which may be admixed with and distributed in a highly porous web or batt of cotton [inters, layers 
of creped tissue or a mass of shredded polyurethane foam particles. 

Pads in the form of a foam and which have been made from various superabsorbent materials are likewise 

15 known. For example, U.S. 4,394,930 discloses an absorbent foam product prepared by mixing together a solid, 
particulate, water-insoluble, water-swellable polymer such as "hydrogels", "hydrocolloids" or "superabsorb- 
ents" which are lightly cross-linked polymers containing a plurality of hydrophilic groups, such as carboxyl, 
carboxamide, sulfonate salt or hydroxyl groups, a blowing agent, and a liquid polyhydroxy organic compound 
and allowing the mixture to foam, 

20 Polyurethane foams, treated and/or prepared in a manner so as to render them hydrophilic are also known. 
For example, U.S. 3,586,648 discloses a hydrophilic polyurethane foam prepared by the so-called "one-shot" 
technique and is stated to include a carboxymethyl cellulose or a carboxymethyl cellulose salt. 

U.S. 4,497,914 discloses an ostomy gasket composition derived from the non-aqueous reaction of a 
poiyisocyanate and a polyoxyalkylene polyol. A hydrophilic filler, such as hydroxyethylcellulose, hydroxypro- 

25 pylcellulose or mixtures thereof, are incorporated into the polyol phase prior to reaction. 

Hydrophilic cross-linked polyurethane foams are disclosed in U.S. 3,903,232. Such foams are prepared by 
reacting particular isocyanate-capped polyoxyethylene polyols having an isocyanate functionality greater than 
two with large amounts of an aqueous reactant, preferably water. The foam is said to be useful for the 
absorption of body fluids and may be used for external body cleaning, for internal body usage, such as is 

30 necessary in dental and medical applications, and as intimate absorptive products such as diapers, sanitary 
napkins, catamenial devices and the like. 

Other adsorbent pads using hydrophilic foam include U.S. 3,961,629, which discloses a hydrophilic 
polyurethane foam in which the foam pores have a surfactant coating to accelerate absorption of body fluids 
into the pores at medically acceptable rates. The foam is rendered hydrophilic by coating the pore wails with a 

35 thin layer of a surfactant. Hygroscopic agents such as glycerine as well as other agents, such as germicidal 
and therapeutic agents, may be incorporated into the foam. 

U.S. 4,664,662 discloses an absorbent wound dressing which comprises an absorbent foam material 
retained in a water permeable, porous bag. The absorbent foam is preferably a hydrophilic polyurethane foam 
which can be made from HYPOL isocyanate-capped polyether prepolymer marketed by W.R. Grace and Co. 

40 and non-ionic surfactants. Physiologically active components such as local anaesthetics, antibacterial agents, 
antifungal agents and the like which are compatible with the absorbent material may be incorporated into the 
wound dressing. 

Hydrophilic polyurethane foam compositions are also disclosed in U.S. 4,339,550. The hydrophilic foam 
composition is prepared by the "in situ" reaction of an isocyanate-capped polyether prepolymer having a 
45 functionality of from about 2 to about 8, water, and a chemically compatible, essentially non-polar, volatile 
organic compound. The foam is stated to be capable of achieving a sustained, controlled release of the volatile 
materials from the foam structure. Suitable "control release" ingredients for use in controlling the rate of 
release of the volatile ingredients include polyols, such as propylene glycol and glycerin, and materials 
classified as gums. 

50 Despite the wide variety of known absorbent pads and polyurethane foam compositions there still remains a 
need for a highly absorbent hydrophilic polyurethane foam composition which releasably carries an adjuvant 
and which is capable of both absorbing an external liquid and releasing the adjuvant carried by the foam 
composition in the presence of the external liquid. 
Accordingly, it is a principal object of the present invention to provide a polyurethane foam composition 

55 which is hydrophilic, highly absorbent and which releasably carries an adjuvant which is capable of being 
released from the foam in the presence of an external liquid which is preferentially absorbed by the foam 
composition. A more detailed object of the present invention is to provide a foam composition which is 
capable of releasing an adjuvant to a designated situs and which is capable of absorbing external liquids from 
that situs. A related object is to provide such a polyurethane foam composition which will tightly hold the 

60 external fluid once it is absorbed. 

Another object of the invention is to provide a hydrophilic foam composition that can be prepared at ambient 

temperature. 

It is a further object of the present invention to provide a wound dressing using a highly absorbent 
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hydrophilic polyurethane foam composition. It is yet another object of the present invention to provide such a 
foam composition which includes a therapeutic, cosmetic or other like agent for release to and treatment of 
the situs of application. A still further object is to provide a foam composition which has hemostatic, 
bacteriostatic, emollifying, demulcifying and wound cleansing properties. 

It is yet another object to provide a method of treating a wound by applying to the wound a wound dressing 5 
which includes a hydrophilic foam composition as described herein. 

A further object of the present invention is to provide a composite for use in a wound dressing which 
includes a hydrophilic foam composition as described herein. Another object is to provide a method for 
making such a composite. 

These and other objects and advantages of the present invention will be apparent from the following 10 
description of the invention. 

The present invention is predicated on the discovery that a highly absorbent hydrophilic polyurethane foam 
composition which releasably carries an adjuvant and is capable of releasing at least a portion of the adjuvant 
while preferentially absorbing external liquid upon exposure of the foam composition to the external liquid, can 
be made by incorporating a hydrophilic agent and a releasably carried adjuvant in the foam composition. 15 
Incorporation of the adjuvant in the resulting foam is achieved by the in situ reaction of a hydrophilic 
isocyanate-capped polyether prepolymer, a hydrophilic agent, water, adjuvant and a wetting agent. 

Thus, in one aspect, the present invention provides a hydrophilic polyurethane foam composition 
comprising the in situ reaction product of an isocyanate-capped polyether prepolymer, a hydrophilic agent 
capable of absorbing water, an adjuvant comprising a mono or polyhydric alcohol, a wetting agent for 20 
enhancing the wettability of the foam composition, and water. The hydrophilic foam is capable of exchanging 
an external fluid and tightly carrying the external fluid in preference to at least a portion of the adjuvant so that 
upon exposure of the hydrophilic foam composition to an external fluid, such as, for example, to the exudate of 
a wound, the composition will absorb the external fluid and tightly carry it in preference to at least a portion of 
the adjuvant so that at least a portion of the adjuvant is released from the foam. 25 

In another aspect, the present invention provides a novel wound dressing which incorporates the novel 
hydrophilic polyurethane foam. In yet another aspect, the present invention provides a method of treating a 
wound which includes applying to the wound the novel hydrophilic foam composition disclosed herein or a 
wound dressing made therefrom. In still other aspects of the invention, composites which include the 
hydrophilic foam composition described herein and a method for making such composites are provided. 30 

While the invention will be described in connection with the preferred embodiments, it will be understood 
that the invention is not intended to be so limited. On the contrary, it is intended to cover all alternatives, 
modifications and equivalents as may be included within the spirit and scope of the invention as defined by the 
appended claims. As an example, while the present invention will be described herein in relation to the use of 
the highly absorbent hydrophilic foam composition as a wound dressing, it should be appreciated that the 35 
foam composition of this invention is likewise useful in other applications where it is desired to releasably carry 
an adjuvant to a situs for subsequent application and to absorb an external liquid, such as water, from the situs 
of application. Such uses include, for example, cosmetic applications. 

40 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention there is provided a highly absorbent hydrophilic polyurethane foam 
composition which includes a releasably carried adjuvant which is capable of being emitted from the 
composition in the presence of an external liquid. The foam composition of this invention is the in situ reaction 45 
product of a reactant composition comprising an isocyanate-capped polyether prepolymer, a hydrophilic 
agent, an adjuvant, water and a surfactant or wetting agent. 

In keeping with the invention, the hydrophilic foam composition, when applied to a moisture laden surface 
will preferentially absorb moisture from that surface while releasing the adjuvant carried by the composition. 
The hydrophilic polyurethane foam composition of the present invention is particularly useful as the absorbent 50 
pad of an occlusive or semi-occlusive wound dressing, commonly applied to injuries such as abrasions, 
incisions, punctures, lacerations, ulcers, sores, burns and the like to aid in stopping bleeding and in protecting 
the wound from contamination. 

When applied to a wound, the foam composition of the present invention will absorb and retain a high 
volume of aqueous fluid, i.e., wound exudate, and will release the adjuvant to the wound situs. By proper 55 
selection of the adjuvant and, optionally, additives, such as therapeutic agents, medicaments and the like 
incorporated into the foam and releasably carried with the adjuvant, a wound dressing which incorporates the 
foam composition of the present invention may be prepared which is advantageously capable of providing 
enhanced hemostatic and chemical debridement characteristics as well as transdermal, bacteriostatic, 
emollifying, demulcifying and wound cleansing characteristics. 60 

Once affixed to the skin surface, the foam composition absorbs exudate moisture from the wound. In 
absorbing the exudate moisture, the foam swells to conform to the wound contour so as to become thermally 
insulative to the surface of application, while at the same time holding moisture against the surface in order to 
keep that surface moist. The foam composition will then assist in maintaining a warm, moist and sealed wound 
with appropriate pH to promote epidermal resurfacing and re-epithelization. A wound dressing which includes 65 
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the foam composition of the present invention does not adhere to the wound and thus does not cause reinjury 
upon its removal from the wound. This is believed to be due to the liquid exchange and the maintenance of a 
moist environment about the wound. 
The hydrophilic polyurethane foam compositions of the present invention are prepared using an 
5 isocyanate-capped poiyether prepolymer. Generally, these prepolymers must be safe for use in the human 
body, and are preferably capable of foaming in an aqueous system in the absence of a catalyst. On the other 
hand, such prepolymers should not dissolve in the aqueous liquid. Additionally, it is highly desirable that these 
prepolymers cure to form a porous cellular foam matrix to enable both absorption of external fluids and 
carnage of the chosen adjuvant in the foam composition. The formation of a cellular foam matrix is preferred 
10 due to a large volume available not only for absorption but the containment of the chosen adjuvant. It is further 
desirable that the prepolymers are capable of curing in the presence of water, in the absence of catalyst, and 
at ambient temperature. 

Isocyanate-capped poiyether prepolymers such as those disclosed in U.S. Patent Nos. 3,903,232 and 
4,137,200 are suitable for use in the present invention. These prepolymers have a defined average isocyanate 
15 functionality greater than 2. These prepolymers may be capped with aromatic isocyanates, such as, for 
example, toluene diisocyanate or methylene diphenyl isocyanate, or with aliphatic isocyanates, such as 
isophorone diisocyanate. Isocyanate-capped poiyether prepolymers which have been found suitable for use in 
the practice of the present invention include prepolymers sold under the trademark HYPOL Examples include 
HYPOL FHP 2000, HYPOL FHP 2002, HYPOL FHP 3000, HYPOL FHP 4000, HYPOL FHP 5000, HYPOL X6100 

20 and HYPOL hydrogel. 

HYPOL 2000, HYPOL 2002 and HYPOL 3000 prepolymers are derived from toluene diisocyanate. FHP 2000 
and FHP 2002 both have an equivalent weight (per NCO) of 625, an NCO content of 1 .60 meq/g and a specific 
gravity of 1.19. The viscosity of FHP 2000 is 18,500 cps (Brookfield LVF, #4 Spindle, 12 rpm at 25° C) and that 
of FHP 2002 is 20,000. FHP 3000 has an equivalent weight (per NCO) of 425, an NCO content of 2.35 meq/g, a 

25 specific gravity of 1 .15 and a viscosity (measured as described above) of 10,500. HYPOL hydrogel is likewise 
derived from toluene diisocyanate. It has an NCO content of 0.5-0.9 meq/g and a viscosity of 10,000 to 12,000 
cps at 25° C. 

Another example of an isocyanate-capped prepolymer suitable for use in the present invention and derived 
from toluene diisocyanate is AQUAPOL prepolymer, commercially available from Freeman Chemical 
30 Corporation. AQUAPOL prepolymers have an NCO-value of 2.5 to 3.0 and are formed from the reaction of 
toluene diisocyanate and an organic poiyether polyol containing at least 40 percent by weight ethylene oxide 
adducts as described at Col. 2, lines 3-22 of U.S. 4,517,326. 

A further example of an isocyanate-capped prepolymer suitable for use in the present invention and which is 
derived from toluene diisocyanate is sold under the trademark TREPOL, and is commercially available from 
35 Twin Rivers Engineering. TREPOL prepolymers have an -NCO content of 1.4 milliequivalents per gram and a 
viscosity at 90° C of 4,700 cps. 

The HYPOL FHP 4000 and HYPOL FHP 5000 prepolymers are derived from methylene diisocyanate. FHP 
4000 has an equivalent weight (per NCO) of 476, an NCO content of 2.10 meq/g, a Brookfield viscosity (LVF, 
#4 Spindle, 12 r.p.m. at 25° C) of 20,000 and specific gravity of 1.17. FHP 5000 has an equivalent weight (per 
40 NCO) of 392, an NCO content of 2.55 meq/g, a Brookfield viscosity (measured as for FHP 4000) of 1 8,000 and a 
specific gravity of 1.17. 

An example of an isocyanate-capped prepolymer suitable for use in the present invention and derived from 
isophorone diisocyanate is HYPOL X61 00. It has an -NCO content of 1 .8 meq/grams and a viscosity at 25° C of 
12,000 cps. 

45 The amount of prepolymer in the reactant composition used to prepare the hydrophilic foam composition is 
not particularly critical, but depends on a number of factors, including the proportion of other components in 
the reactant composition as will be described in greater detail hereinafter. However, there should be sufficient 
prepolymer to form a polyurethane foam, to releasably contain the adjuvant and to adequately contain the 
hydrophilic agent. To that end, the ratio of prepolymer to hydrophilic agent should be such that the reactant 

50 composition does not degrade or break up into its separate constituents. Furthermore, while there should be 
sufficient prepolymer to provide integrity to the foam matrix, there should not be so much prepolymer that the 
resulting polyurethane composition becomes unworkable. In short, and particularly where the final 
composition is to be applied to the skin, the resulting foam composition is desirably relatively smooth and soft 
while exhibiting the desired absorbence characteristics so that it does not irritate or otherwise harm the skin. 

55 The concentration of prepolymer further depends on its isocyanate functionality and the degree of 
crosslinking desired in the final foam composition. In general, the greater the isocyanate functionality, the 
greater the degree of cross-linking in the cured foam matrix. Typically, the reactant composition will comprise 
from about 20% to about 60% by weight prepolymer. Preferably the reactant composition will comprise from 
about 45% to about 50% by weight of the prepolymer. Advantageously, the prepolymers may be used alone or 

60 in combination. 

The reactant composition further includes a hydrophilic agent which is incorporated into the foam 
composition to absorb external liquid, such as wound exudate, and to retain such liquid in the composition. 
When applied to a wound, the hydrophilic agent is believed to work in conjunction with the foam matrix to hold 
moisture at the surface of the wound. This allows healing agents exuded by the wound to be concentrated and 
65 held at the wound surface. At the same time, the hydrophilic agent incorporated into the composition is 
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believed to absorb fluid from the wound to assist thickening of the blood, i.e., it serves as a hemostat. The 
absorption of exudate by the hydrophilic agent, and the subsequent swelling of the agent results in the 
removal of inflammatory exudates and particles that would otherwise hinder tissue repair or cause eschar 
formation. Necrotic debris and bacteria are likewise removed as autolysis, i.e. chemical debridement is 

stimulated. 5 

The hydrophilic agent is preferably a highly absorbent polymer, commonly known as a superabsorbent 
polymer. One measure of polymer absorbency is its fluid uptake capability, well known by those skilled in the 
art. Hydrophilic agents suitable for use in the present invention include polymers that are capable of absorbing 
at least 50 times their weight of water, that is, such agents have a fluid uptake of at least 50 m!/g. Hydrophilic 
agents having an even higher fluid uptake, such as of at least about 100 ml/g and even higher, that is, at least 10 
about 150 mi/g are preferred. Suitable superabsorbent polymers include sodium and aluminum salts of starch 
grafted copolymers of acrylates and acrylamides and combinations thereof, as well as polyacrylate salts. Of 
course, other absorbent materials may be used in combination with such highly absorbent polymers, provided 
the fluid uptake of the overall combination used for the hydrophilic agent is greater than 50 ml/g. When such 
agents are employed, either alone or in combination, the resulting foam composition desirably has the ability to 15 
hold at least about 3 times its weight in liquid. In the preferred embodiment, the resulting foam composition will 
have the ability to tightly hold at least about 3 times its weight in fluid. As used herein "tightly hold" or "tightly 
bound" liquid means the relative amount of liquid retained by the sample after compression, as described in 
detail hereinafter. 

Hydrophilic polymers which have been found suitable for use in the foam composition of this invention are 20 
commercially available from Grain Processing Corporation. These polymers include a starch-g-poly(2-prope- 
namide-co-2-propenoic acid, mixed sodium and aluminum salt) sold under the trademark WATER LOCK 
A-222; a starch-graft copolymer of polyacrylic acid and polyacryiamide having the chemical name 
starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER LOCK 
A-100; a starch g-poIy(2-propenamide-co-2-propenoic acid, sodium salt), sold under the trademark WATER 25 
LOCK A-200. Superabsorbent polymers commercially available from Grain Processing Corporation under the 
trademark WATER LOCK D-212 and WATER LOCK D-242 are likewise suitable. These polymers have the 
chemical name starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt). The 
superabsorbent polymer commercially available under the trademark WATER LOCK G-400 is also suitable for 
use in the making of the hydrophilic foam composition of the present invention. This superabsorbent polymer 30 
may be chemically identified as a po!y(2-propenamide-co-2-propenoic acid, sodium salt). Other super 
absorbent powders suitable for use in the present invention are sold by Grain Processing Corporation under 
the trademark WATER LOCK B, C, and H. 

Another example of a suitable superabsorbent polymer is poly-2-propenoic acid, sodium salt, sold under the 
trademark AQUA KEEP J-500 supplied by Sanyo Corp. In addition, super absorbent polymers sold by Arakawa 35 
Chemical (USA) Inc. under the trademark ARASORB are suitable. The preferred hydrophilic polymers are 
WATER LOCK A-100, A-200, A-222 and AQUA KEEP J-500. The hydrophilic polymers may be used alone, or in 
combination to achieve the desired absorptivity characteristics in the foam composition. 

The hydrophilic agent may comprise additives in addition to the superabsorbent polymers, provided, as 
discussed above, the additives do not reduce the fluid uptake of the hydrophilic agent to below about 50 ml 40 
water per gram of hydrophilic agent and the fluid uptake of the final foam composition is not less than about 3 
times its weight. Examples of such additives include methylcellulose, guar gum, pectin, karaya gum, chitosan, 
agar, acacia powder, carrageenan, gelatin and combinations thereof. 

The amount of hydrophilic agent used and the type of it, in terms of its fluid uptake, that may be satisfactorily 
used to make the foam composition is not critical, but is, instead, dependent on the intended application of the 45 
composition. Stated another way, the greater the quantity of external liquid to be absorbed, e.g., the greater 
the amount of wound exudate, the greater the amount of hydrophilic agent that should be employed. In the 
alternative, the greater the amount of wound exudate to be absorbed, the greater the fluid uptake of the 
hydrophilic agent used, should be. For example, for an ulcerated wound where there is a high volume of wound 
exudate, a hydrophilic agent with high uptake is desirable. In addition, it may well be determined that the 50 
amount of hydrophilic agent may need to be increased. On the other hand, where the foam is to be applied to a 
small cut or light burn it may be suitable to use less hydrophilic agent or to use a hydrophilic agent with a lower 
fluid uptake. Determination of the type and amount of hydrophilic agent used is well within the ability of one 
skilled in the art in light of the disclosure herein. 

The amount of hydrophilic agent should not be so great as to undesirably reduce the strength of the foam 55 
composition or result in a loss of polymer from the foam, although some loss of hydrophilic agent may be 
tolerated without adversely affecting the ability of the foam to absorb external liquid. The amount of hydrophilic 
agent employed in the reactant composition will also depend on the absorbency of the material used. As 
previously indicated, it is preferable that a sufficient amount of hydrophilic agent be employed so that the 
resulting foam composition is capable of absorbing at least about 3 times its weight in external liquid. Typically 60 
this can be achieved by including from about 5 wt o/o to about 20 wt.o/o hydrophilic agent in the reactant 
composition. 

The reactant composition of this invention further includes an adjuvant; preferably, a water-soluble adjuvant. 
The adjuvant is releasably carried by the resulting foam composition for subsequent release to a chosen situs 
of application. Release of the adjuvant occurs in the presence of an external liquid, such as wound exudate, 65 
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which is preferentially absorbed by the foam composition. Absorption of the external liquid causes at least a 
portion of the adjuvant to be released. 

It will be appreciated by those skilled in the art that not all of the liquid adjuvant is necessarily released (or 
need it be) in the presence of the external fluid. However, a sufficient amount of adiuvant must be released in 
5 order to achieve the desired result. To that end, it will be appreciated that the efficacy of the adjuvant is 
realized upon its release from the foam composition to the situs of application. In the case of a wound 
dressing, the situs is the wound, burn or the like, itself. Release of the adjuvant thus provides beneficial 
treatment to the wound. 

Prior to curing, the adjuvant serves as a plasticizer for the reactant composition. It extends the curing time 

10 of the composition thereby allowing it to be more thoroughly mixed and formed. Once cured, the foam 
composition is softened by the adjuvant, allowing the foam to be more pliable and more easily applied to the 
skin surface or other surface of choice. Additionally, the adjuvant may be somewhat hygroscopic lending 
further to the hydrophilic nature of the foam composition. 

Adjuvants suitable for use in the foam composition of the present invention are mono, di and polyhydric 

15 alcohols. Preferably the adjuvants are water soluble so that they may be readily released from the composition 
upon contact of the foam composition with an external liquid. For wound dressing applications, it is also 
desirable that the adjuvant be capable of contacting skin without adverse side effects. To that end, it is also 
preferable that the adjuvant comprise a chemical compound that will have the ability to open the skin pores to 
achieve a demulcent effect to relieve pain and/or irritation and to achieve an emollient effect to soften the skin 

20 and prevent maceration. It is also preferred that the adjuvant be compatible with therapeutic or other agents 
which may be carried by the adiuvant for subsequent delivery to the situs of application. Suitable adjuvants 
include water soluble alcohols, including monols, diols and polyhydric alcohols. Examples of monols include 
ethyl alcohol and isopropyl alcohol. Exemplary of suitable diols are propylene glycol, polyethylene glycol and 
polypropylene glycol. Exemplary of suitable polyhydric alcohols are glycerin, 1,2,4-butanetriol, trimethylolpro- 

25 pane, pentaerythritol and sorbitol. In general, the molecular weight of the alcohols should be less than about 
1000. Mixtures of alcohols can likewise be used. 

Glycerin is the preferred adjuvant because it has the attributes of a medicament, cosmetic or therapeutic 
agent. When glycerin is used and the hydrophilic agent is starch-based, it is believed that glycerin coats the 
hydrophilic agent to form a starch glycerite. When fluid is absorbed by the foam, glycerin is released, thereby 

30 allowing the hydrophilic agent to swell as it absorbs fluid from the wound and causing the foam to conform to 
the wound contour. 

Various additional medicaments, cosmetics and therapeutic agents may be carried with the adjuvant and 
released with it to the desired situs. This release thus allows the transmission of such therapeutic or other 
agents carried in the adjuvant to the area of application outside the foam composition, further assisting in the 

35 beneficial treatment of the wound. 

Illustrative of therapeutic agents which may be incorporated into the foam composition are Collasol 2400, 
Crotein SPA, Cromoist HYA, Crotein CAA and hydrocortisone acetate. Illustrative of cosmetic agents which 
may be incorporated into the foam composition are European Collagen Complex, Capture Complex 
Liposomes, Sardo® bath oil, a hand lotion sold under the trademark Jergens®, Noxema® skin cream, Oil of 

40 day® BF, Keri® lotion, Vaseline® herbal and aloe lotion, Ben Gay® ointment and Retin-A® cream. 

The amount of adjuvant included in the reactant composition should preferably be sufficient to impart 
softness and pliability to the foam composition and be capable of delivering a therapeutic agent or the like, if 
included, to the environment of application. However, the volume of adjuvant should not be so great as to 
weaken or gel the composition. Generally, it has been found that the amount of adjuvant in the reactant 

45 composition should be from about 5 wt.% to about 30 wt o/o of the reactant composition. 

A wetting agent is included in the reactant composition to provide more uniform wettability of the resulting 
foam. The wetting agent also aids in controlling the cell size of the foam and in the reticulation of the final foam. 
Wetting agents suitable for use include non-ionic surfactants. Examples of materials that may be used as the 
wetting agent, either alone or in admixture, include block copolymers of ethylene oxide and propylene oxide 

50 sold under the trademark PLURONIC by BASF Wyandotte corporation, ethoxylated sorbitan fatty acid esters, 
glycerol esters, poiyglycerol esters, and silicone fluids. PLURONIC F-68 and L-62 are preferred. As is known, 
PLURONIC F-68 aids in wound cleansing without causing tissue damage. The use of PLURONIC F-68 is 
especially preferred because of its cleansing action, particularly because a portion of the surfactant may be 
released when the foam composition is exposed to the exudate of the wound. Generally, the amount of wetting 

55 agent should be from about 1% to about 100/o by weight of the reactant composition, preferably from about 
50/0 to about 70/0 by weight. 

The wetting agent should not react with the foam composition or any component of the foam formulation to 
create difficulties during foam formation or to adversely affect the desired characteristics of the foam 
composition in use or while being stored. 

60 It should be appreciated that the source of the water required for the foaming reaction is not critical. The 
water so required may be provided as a separate component of the reactant composition, or, for example, it 
may be provided by one of the other components of the reactant composition. By way of illustration, and not in 
limitation, the required water may be provided with an aqueous-based cosmetic which may be incorporated 
into the foam composition. 

65 The type of water used is likewise not critical. However, for medical applications, purified water such as 
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deionized or distilled water may be used. Saline solutions may also be used satisfactorily. 

It will be appreciated that the relative proportion of prepolymer, adjuvant and hydrophilic agent included in 
the reactant composition can be varied over wide ranges in order to prepare a hydrophilic foam composition 
having the desired release and exchange characteristics previously described, while likewise providing a foam 
composition that is aesthetically satisfactory, insofar as its oilyness, touch, appearance and general feel. In 5 
general, for use as a wound dressing, it is preferable that the foam composition be soft and generally smooth 
to the touch so that it does not irritate the skin. These characteristics may be achieved by properly balancing 
the relative proportion of adjuvant, prepolymer hydrophilic agent wetting agent and water. 

By way of illustration, it has been found that if excess glycerin is used in the reactant composition the 
resulting foam composition has an extended cure time with decreased ability to tightly hold external liquid and 10 
it may have an oily or spongy nonuniform surface. On the other hand, if insufficient glycerin is included in the 
reactant composition, the resulting foam composition has been found to be less uniform, has relatively poor 
flow and porosity characteristics, has relatively poor dimensional stability, and absorbs liquid at a slower rate. 

Similarly, if the relative proportion of prepolymer to hydrophilic agent is too high or too low, the resulting 
product will not be satisfactory. The amount of hydrophilic agent must be sufficient to absorb the external 15 
liquid and to promote the release of the adjuvant. If the amount of hydrophilic agent is too low, there is 
insufficient absorption of external liquid. On the other hand, if the amount of hydrophilic agent is too high, then 
the viscosity of the reactant composition will be too high for appropriate mixing. 

In general, in order for the foam composition to have the desired liquid release and exchange characteristics 
and to provide a foam composition that is soft to the touch and not oily, the weight ratio of prepolymer to 20 
hydrophilic agent will desirably be in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to 
adjuvant will desirably be in the range of from about 20:2 to about 20:30. 

It will likewise be appreciated that the wetting agent employed and the amount thereof used may effect the 
characteristics of the resulting foam composition. It is generally desired that the wetting agent be used in an 
amount such that the foam is substantially uniform and readily wettable. 25 

To effect foaming and the preparation of the hydrophilic polyurethane foam composition of the present 
invention it is preferred to prepare and mix an organic phase and an aqueous phase. The organic phase 
comprises the isocyanate-capped prepolymer and optionally, but preferably, the hydrophilic agent. The 
aqueous phase comprises the adjuvant, wetting agent, optionally the hydrophilic agent if it is not included in 
the organic phase, and other desired additives, such as, for example, dyes or the like to color the resulting 30 
foam. If a medicament, cosmetic or therapeutic agent is included in the reactant composition it will preferably 
be included in the aqueous phase. To prepare the foam, the organic phase and aqueous phase are simply 
mixed at room temperature, the resulting mixture is then cast or extruded, and the foam will form. 

To prepare the foam for subsequent use in a wound dressing or the like the following process is preferred. A 
suitable substrate, such as a plastic (e.g. in the form of a sheet, laminate or fibrous mat) , paper, foil, or the like 35 
is provided and coated with a medically acceptable adhesive. Such adhesives are generally well known to 
those skilled in the art. Then the reactant composition as described herein is poured directly onto the adhesive 
where the foam is formed. The foam may then be covered by a cover sheet if desired. The resulting composite 
which comprises the substrate, adhesive, and foam may be die cut and later used itself, or it may be used as 
part of an occlusive or semi-occlusive wound dressing. 40 

The following examples will aid in demonstrating the present invention. 

In ail of the examples which follow a hydrophilic polyurethane foam composition was formulated by 
separately preparing an aqueous phase and an organic phase then mixing both phases at room temperature, 
and casting the mixture onto a film substrate. 

The aqueous phase was prepared by dissolving the alcohol, wetting agent and colorant in distilled water 45 
using a laboratory grade magnetic stirrer. It should be noted that some surfactants (especially the paste types) 
required heating to 150° F before dissolution or even dispersion was possible. All other mixing was done at 
ambient temperature. When Pluronic F-68 was used, solution required about one hour of mixing at 1000 rpm 
on the stirrer to complete dissolution. 

The organic phase was prepared by mixing the isocyanate-capped prepolymer and hydrophilic agent for 50 
about 5 to 10 seconds in a plastic vessel using an electric drill with a paint mixer blade. 

To prepare the foam composition, the aqueous phase was poured into the organic phase contained in a 
suitable mixing vessel. The two phases were then mixed using a drill with the paint mixer for about 15 to about 
50 seconds at about 1200 rpm of the drill. Mixing time may be varied for different formulations, but generally 

mixing time was about 25 seconds. 55 

The resulting mixture was evenly poured as a bead down a paper substrate coated with a medical grade 
adhesive, and covered with the silicone treated side of a 5 mil polystyrene sheet. The paper substrate was 
about four inches wide and bordered by 0.025 inch plastic strips to contain the mixture during compression. 
The bead was compressed and spread using a 30 pound steel cylinder. The mixture was rolled at the rate of 
two inches per second first at 90 seconds after the two phases are combined and then after 1 20 seconds after 60 
combination. The foam was allowed to set for approximately seven minutes, then the cover sheet was 

removed. . 
The resulting foams varied in thickness from about 0.050 inch to about 0.10 inch and varied in density from 

about 10 to about 20 lbs/ft 3 . 

65 



7 



EP 0 335 669 A2 



Definitions: 

As used in the Examples appearing below, the following designations, symbols, terms and abbreviations 
have the indicated meanings: 

5 I. Prepolymers: 

Pre polymer A 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an equivalent weight (per-NCO group) of 625, an NCO content of 1.6 meq/gram, a 
10 functionality (-NCO/mole) of 2.3 and a viscosity at 25° C of 20,000 cps. (HYPOL 2002) 

Prepolymer B 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an NCO content of 0.5-0.9 meq/g. and a viscosity at 25° C of 10,000 to 12,000 cps. (HYPOL 
15 HYDROGEL) 

Prepolymer C 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from isophorone 
diisocyanate having an NCO content of 1.8 meq/gram and a viscosity at 25° C of 12,000 cps. (HYPOL X6100) 

20 

Prepolymer D 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from toluene 
diisocyanate having an -NCO content of 1 .4 meq/gram and a viscosity at 90° C of 4,700 cps. (TREPOL) 

25 Prepolymer E 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methylenedi- 
phenyPdiisocyanate having an NCO content of 2.55 meq/g, an equivalent weight (per-NCO group) of 392 and a 
viscosity at 25°C of 18,000 cps. (HYPOL FHP 5000) 

30 Prepolymer F 

denotes an isocyanate-capped polyoxyethylene poiyol polyurethane prepolymer derived from methyienedi- 
phenyl diisocyanate having an equivalent weight (per-NCO group) of 476, an -NCO content of 2.10 meq/g and 
a viscosity at 25° C of 20,000 cps. (HYPOL FHP 4000) 

35 Prepolymer G 

denotes a diisocyanate prepolymer derived from toluene diisocyanate sold under the trademark AQUAPOL 
035-0019 by Freeman Chemical Corporation. 

II. Hydrophilic agents: 

40 

A denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt) sold 
under the trademark WATER LOCK superabsorbent polymer A-222. 

B denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 
WATER LOCK superabsorbent polymer A-200. 
45 C denotes a starch-g-poly(2-propenamide-co-2-propenoic acid, sodium salt) sold under the trademark 

WATER LOCK superabsorbent polymer A-1 00. 

D denotes a polymer consisting of 2-propenoic acid, sodium salt sold under the trademark WATER 
LOCK superabsorbent polymer J-500. 

E denotes an absorbent polymer sold under the trademark ARASORB. 
50 F denotes a polyacrylic acid, sodium salt sold under the trademark AQUA KEEP J-500. 

III. Absorption and Extraction Test: 

Each of the foams of Examples 1-57 was tested to determine the release characteristics of the foam, 
especially the adjuvant, and to determine the ability of the foam to absorb external liquid. The foams were 
55 immersed in one or more of the following : water, a normal saline solution, a 0.030/b HCI solution and/or a 0.05% 
NaOH solution. The pH of these solutions fall within the range of pH 2 to pH 12. Both the liquid held by the 
sample and the liquid tightly held by the sample were measured. 

The liquid held by the sample is reported as retained liquid. Retained liquid is the unit weight of liquid per unit 
weight of foam. It is determined by the formula: 

60 

Retained Liquid = (Wt. of Foam - (Weight of 

S ample Absorbed Liquid) Foam Sample) 

es Weight of Foam Sample 
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Tightly held liquid is a measure of the relative amount of liquid retained by the sample after compression. It is 
determined by rolling an 8 pound roller over the sample ten times, and then, using the retained liquid formula to 
calculate the relative proportion of liquid that was not squeezed out of the composition. 

To determine whether the adjuvant is efficiently released from the foam, the o/ 0 extractables is measured in 
deionized water, normal saline, 0.03o/oHCl and/or 0.050/oNaOH solutions. The percent extractable material is 
determined under static conditions at room temperature. In addition, the dehydrated extracted residues were 
visually examined for the adiuvant. In general, it was found that from about 90 to 95<Vb of the adjuvant is 
released from the foam. In general, when deionized water was used, the pH of the extract was 7.0 ± 1.0 pH 
units. 

The absorption rate was determined for the foam compositions. The absorption rate is the time, in seconds, 
for 0.1 g of fluid to be absorbed by the foam composition. The fluid used was either deionized water, distilled 
water or normal saline. An absorption rate of less than 10 is satisfactory, and a rate of less than 5 is preferred. 

The data for these studies is set forth in Tables immediately following the Examples. 

Unless otherwise noted, for the compositions set forth in the Tables hereinafter all parts are in part by 15 
weight. 



Examples 1-8 



10 



20 



These Examples illustrate reactant compositions used to make hydrophilic foams of the present invention. 
Examples 1-8 illustrate variations in the amount of water and in the wetting agent used in the reactant 
composition. Example 8 illustrates the wide range of the ratio of prepolymer to hydrophilic agent and 
prepolymer to adjuvant that can be employed in making the foam composition of this invention. The reactant 
compositions are set forth in Table I below. 25 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 1 through 8 are set forth in Table II. 
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As can be seen by the data in Tables I and II, all of the foams were satisfactory according to the desired 
physical and chemical criteria. The foams of Examples 1 and 2 are preferred. 



EXAMPLES 9-18 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various adjuvants and combinations of adjuvants are used. The reactant 
compositions are set forth in Table III. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 9 through 18 are set forth in Table IV. 
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The foams of Examples 9-12, 17 and 18 were acceptable. However, the foams of Examples 13 and 15 
exhibited gross porosity, while the foams of Examples 14 and 16 had excessively high absorption rates, and 
were thus more hydrophobic. 

EXAMPLES 19-26 

These Examples illustrate reactant compositions suitable for preparing hydrophilic foam compositions of 
the present invention wherein various prepolymers and mixtures of prepolymers are used in the reactant 
composition. The reactant compositions are set forth in Table V. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
Examples 19 through 26 are set forth in Table VI. 
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The foams of Examples 21 and 26 were acceptable as determined by all visual and measured properties. 
However, the foams of Examples 19 and 20 exhibit relatively poorer dimensional stability and a slower 
absorption rate. The foams of Examples 22-25 were less uniform than the preferred composition of Examples 1 
and 2. 



EXAMPLES 27-32 

These Examples Illustrate the wide variety of hydrophilic agents that may be suitably employed in the 
reactant composition used to prepare the hydrophilic foam compositions of the present invention. The 
reactant compositions are set forth in Table VII. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table VIII. 
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The foams of Examples 27-32 were all acceptable by all criteria. However, the tightly held liquid of Example 
29 is somewhat low. 

EXAMPLES 33-37 5 

These Examples illustrate the addition of therapeutic agents suitable for use in wound dressing applications 
to the adjuvant of the reactant composition used to prepare hydrophilic foam compositions of the present 
invention. The reactant compositions are set forth in Table IX. 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 10 
these Examples are set forth in Table X. 
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As can be seen by the data, all the foams of Examples 33-37 were acceptable. 

EXAMPLES 38-47 

5 

These Examples illustrate the addition of cosmetic agents suitable for use in the hydrophilic foam 
compositions of the present invention. The reactant compositions are set forth in Table XI. 

In Examples 43-47 the water needed for the foaming reaction was provided by the water contained by the 
cosmetic. The surfactant was also included in the cosmetic. 
10 The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XII. 
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The foams of Examples 41 and 47 were less hydrophilic than desired as can be seen by their high absorption 
rates. The foams of all the other Examples were satisfactory. The foams of Examples 43-46 were especially soft 
and uniform with distinct cosmetic odor. 

5 

EXAMPLES 48-57 

These Examples illustrate the wide variety of combinations of isocyanate prepolymer, hydrophilic agent, 
adjuvant and wetting agent that may be used to form a hydrophilic foam composition in accordance with the 
present invention. The composition of the reactant compositions used are set forth in Table XIII. 10 

The retained liquid, tightly held liquid, extractable materials and absorption rate for the foam compositions of 
these Examples are set forth in Table XIV. 
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The foams of Examples 48, 50, 56 and 57 were acceptable. The foams of Examples 51 through 54 were more 
porous than desired, although the liquid retention and extractability were good. The amount of extractable 
material for the foam of Example 49 was somewhat low. 



Claims 

1. A hydrophilic foam composition comprising the in situ reaction product of: a) an isocyanate-capped 
polyether prepolymer, b) a hydrophilic agent capable of absorbing water, c) an adjuvant comprising an 
alochol selected from the group consisting of water soluble monols, diols and polyhydric alcohols, d) a 
wetting agent, and e) water, said hydrophilic foam composition releasably carrying said adjuvant so that 
said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released in the presence of the 
external liquid. 

2. A hydrophilic foam composition according to claim 1 , wherein said prepolymer is selected from the 
group consisting of isocyanate-capped polyether polyols having an isocyanate equivalent weight of from 
about 0.5 meq/g to about 2.5 meq/g and mixtures thereof. 

3. A hydrophilic foam composition according to claim 1 or claim 2, wherein said prepolymer is present in 
an amount of from about 20 wt. o/o to about 60 wt. Wo of the total reactant composition. 

4. A hydrophilic foam composition according to any one of claims 1 to 3, wherein said hydrophilic agent 
is an absorptive polymer capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said polymer. 

5. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is selected from the group consisting of starch grafted copolymers of acrylate salts, 
starch grafted copolymers of acrylamide salts, polyacrylate salts, and mixtures thereof. 

6. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
hydrophilic agent is present in an amount sufficient to provide a foam composition capable of absorbing 
at least about 3 times its weight of liquid. 

7. A hydrophilic foam composition according to claim 6, wherein said foam composition is capable of 
tightly carrying at least about 3 times its weight of liquid. 

8. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
a polyhydric alcohol having a molecular weight of less than about 1000. 

9. A hydrophilic foam composition according to any one of claims 1 to 7, wherein said alcohol is 
selected from the group consisting of isopropyl alcohol, ethanol, propylene glycol, polyethylene glycol, 
polypropylene glycol, glycerine, 1,2,4-butanetriol, trimethylol-propane, sorbitol, pentaerythritol, and 
mixtures thereof. 

10. A hydrophilic foam composition according to any one of the preceding claims, wherein said alcohol is 
present in an amount of from about 5% to about 30% by weight of the reactant composition. 

11. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is a non-ionic surfactant selected from the group consisting of block copolymers of ethylene oxide 
and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, polyglycerol esters, silicone 
fluids and mixtures thereof. 

12. A hydrophilic foam composition according to any one of the preceding claims, wherein said wetting 
agent is present in an amount of from about 1% to about 10o/o by weight of said reactant composition. 

13. A hydrophilic foam composition according to any one of the preceding claims, wherein said 
prepolymer, said hydrophilic agent and said adjuvant are present in the reactant composition such that 
the ratio of prepolymer to hydrophilic agent is in the range of from about 20:1 to about 20:10 and the ratio 
of prepolymer to adjuvant is in the range of from about 20:2 to about 20 :30. 

14. A hydrophilic foam composition according to any one of the preceding claims, wherein said water is 
deionized water, distilled water or normal saline. 

15. A hydrophilic foam composition according to claim 14, wherein said prepolymer is an 
isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of about 1.6 meq/g and 
an equivalent weight per isocyanato group of about 625; said hydrophilic agent is starch-g-poly 
(2-propenamide-co-2-propenoic acid, mixed sodium and aluminum salt); said adjuvant comprises 
glycerine, and said wetting agent is a member selected from the group consisting of block copolymers of 
ethylene oxide and propylene oxide. 

16. A wound dressing comprising a hydrophilic foam composition according to any one of the preceding 
claims. 

17. A wound dressing comprising a hydrophilic foam composition comprising the in situ reaction 
product of 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material which 
is se j ec ted from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 



30 



EP 0 335 669 A2 



copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerine, 1 ,2,4-butanetriol, trimethylolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 5 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

said hydrophilic foam composition releasably carrying said adjuvant so that said foam composition is 
capable of absorbing an external liquid and tightly carrying said liquid in preference to at least a portion of 10 
said adjuvant so that said adjuvant is released from said foam composition in the presence of the external 
liquid. 

18. A wound dressing according to claim 17 wherein said water is deionized water, distilled water or 
normal saline. 

19. A wound dressing according to any one of claims 16 to 18, wherein said hydrophilic agent comprises 15 
an additive selected from the group consisting of methylceliuiose, guar gum, pectin, karaya gum, 
chitosan, agar, acacia powder, carrageenan, gelatin, and mixtures thereof. 

20. A wound dressing according to any one of claims 16 to 19, wherein said adjuvant comprises at least 
one of a therapeutic agent, a medicament, and a cosmetic. 

21. A wound dressing according to claim 20, wherein said adjuvant comprises a therapeutic agent 20 
selected from the group consisting of Coilasol 2400, Crotein SPA, Crotein CAA, Cromoist HYA and 
hydrocortisone acetate. 

22. A wound dressing according to claim 20, wherein said adjuvant comprises a cosmetic selected from 
the group consisting of European Collagen complex, Capture complex liposomes, bath oil, a hand lotion, 

a skin cream, Oil of Olay BF, Keri lotion, Vaseline herbal and aloe lotion, Ben Gay ointment and Retin-A 25 
cream 

23. A wound dressing according to claim 17, wherein said isocyanate-capped polyether prepolymer has 
an isocyanate equivalent weight of about 1.6 meq/g and an equivalent weight per isocyanato group of 
about 625; said hydrophilic agent is starch-g-poly (2-propenamide-co-2-propenoic acid, mixed sodium 

and aluminum salt), said adjuvant comprises glycerin, and said wetting agent is selected from the group 30 
consisting of block copolymers of ethylene oxide and propylene oxide. 

24. A wound dressing according to claim 23, wherein said prepolymer, said hydrophilic agent and said 
adjuvant are present in the reactant composition such that the ratio of prepolymer to hydrophilic agent is 
in the range of from about 20:1 to about 20:10 and the ratio of prepolymer to adjuvant is in the range of 
from about 20 :2 to about 20 :30. 35 

25. A composite for use in a wound dressing comprising a substrate, a medically acceptable adhesive 
deposited on said substrate and a hydrophilic foam composition according to any one of claims 1 to 15 
carried by said adhesive. 

26. A method for making a composite for use in a wound dressing comprising : 

providing a substrate, 
applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising an 
isocyanate-capped polyether prepolymer, an hydrophilic agent capable of absorbing water, an adjuvant 
comprising an alcohol selected from the group consisting of water soluble monols, diols and poiyhydric 
alcohols, a wetting agent and water, and 45 
curing said reactant composition while it is in contact with said adhesive. 

27. A method for making a composite for use in a wound dressing comprising : 
providing a substrate, 

applying a medically acceptable adhesive to said substrate, 

applying a reactant composition to said adhesive, said reactant composition comprising 50 

(a) an isocyanate-capped polyether prepolymer having an isocyanate equivalent weight of from about 0.5 
meq/g to about 3 meq/g ; 

(b) a hydrophilic agent capable of absorbing water and having a fluid uptake of at least about 50 ml of 
water per gram of said agent, and wherein said hydrophilic agent comprises a hydrophilic material 
selected from the group consisting of starch grafted copolymers of acrylate salts, starch grafted 55 
copolymers of acrylamide salts, polyacrylate salts and mixtures thereof; 

(c) an adjuvant comprising an alcohol selected from the group consisting of ethanol, isopropyl alcohol, 
propylene glycol, polyethylene glycol, polypropylene glycol, glycerin, 1,2,4-butanetriol, trimethyiolpro- 
pane, pentaerythritol sorbitol, and mixtures thereof; 

(d) a wetting agent comprising a non-ionic surfactant selected from the group consisting of block 60 
copolymers of ethylene oxide and propylene oxide, ethoxylated sorbitan fatty acid esters, glycerol esters, 
polyglycerol esters, silicone fluids and mixtures thereof; and 

(e) water, 

curing said reactant composition while it is in contact with said adhesive to form a foam composition that 

is unreleasably attached to said adhesive, said foam composition releasably carrying said adjuvant so that 65 
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said foam composition is capable of absorbing an external liquid and tightly carrying said liquid in 
preference to at least a portion of said adjuvant so that said adjuvant is released from said foam 
composition in the presence of the external liquid. 
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